Effects of Treatments, Packaging Materials and Storage Conditions on Physico-Chemical Characteristics and Shelf-Life of Buffalo Meat by Azaz Ahmad Azad, Z R
EFFECTS OF TREATMENTS, PACKAGING 
MATERIALS AND STORAGE CONDITIONS ON 
PHYSICO-CHEMICAL CHARACTERISTICS 
AND SHELF-LIFE OF BUFFALO MEAT 
ABSTRACT 
THESIS SUBMITTED FOR THE AWARD OF 
THE DEGREE OF 
Boctor of $t)tlo)SDpl)p 
in 
0^!St-51^ arbes(t engineering anb Eecftnologp 
By 
Z.R. AZAZ AHMAD AZAD 
DEPARTMENT OF POST HARVEST 
ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH, U.P. (INDIA) 
2003 
ABSTRACT 
India is producing twice the amount of protein than the actual 
requirement; even then, the 2/3^^ of the population is suffering from 
protein deficiency. This is because of heavy losses during storage, 
processing and distribution. Meat in this reference is vitally important 
to the Indian people. It provides all the necessary nutrients required for 
growth and .development and hence, it is highly valued for our 
nutrition, their diet being deficient in the first class proteins, which 
could be easily obtained from meat. Therefore, from economic, 
nutritional and public health point of view, the meat processing is of 
considerable importance to the nation and deserves more attention that 
it has been receiving in the industrial progress of the country. People 
are changing their traditional food habits and consequently the demand 
for meat and meat products is increasing. 
A study of live stock population in India shows that with tlirs'^  
205 millions cattle and 90 million buffalo, India ranks first in the world 
possesses about 50 percent of world buffalo population^India with the' 
world's largest livestock population has estimated meat production of 
4.59 million tongs only. Buffalo meat contributes about 85 percent of 
total meat being exported from our country. Many of the European 
countries have started giving due attention to buffalo meat production. 
Countries like Italy and Bulgaria have initiated planned efforts while in 
Brazil it has been taken as an industry termed as Black Gold InWistry. t) 
Generally the buffalo meat is coarse and tough as it is produced^ 
form old and unproductive animals. Such tough meat can be profitably' 
utilized for the development of various comminuted meat products. 
Ground meat tends to become brown and rancid more rapidly than 
whole muscle retail cuts. Such changes are due to pigment and lipid 
oxidation. Lipid oxidation in meats leads to the development of off-
flavour, loss of colour and nutritive value. The production of meat 
varies considerably from location dependmg up on a number of factors 
such as livestock population, method of rearing and management, the 
availability of suitable fodders, climate, concentration of meat eating 
communities in an area and finally restrictions imposed on the 
slaughter of certain animals. 
Rigor mortis is a temporal process occurring during the time 
course of post-mortem glycolysis and is characterized by progressive 
stiffening of the muscle. The rate of post-mortem glycolysis and the 
extent to which it occurs have implications for muscle food quality. As 
anaerobic glycolysis proceeds from the point of slaughter to rigor 
mortis, changes occur in the muscle. The production of H"^  leads to 
more acidic condition in decreased pH of muscle tissue. 
For meat selection in a retail supermarket, consumers generally 
evaluate the sensory properties in terms of colour, surface 
characteristics, size and shape. The effect of meat colour on acceptance 
of red meat is well established. The raw meat has a weak, salty and 
serum like flavour while the true meaty flavour develops during 
cooking. Meat is an excellent source of iron and this is a nutritional 
benefit. 
Texture is the most important palatability factor that affects the 
acceptability of meat. Consumers use textural attributes to determine 
both acceptability and quality. Many consumers define quality in terms 
of texture i.e. tenderness and juiciness, with more tender and juicy 
meat considered to have higher quality. 
vfH is the quality attriHlite most cbifimonly measured in fresh 
meaf, Iff affects technological ability, keeping ability and most sensory 
traits. The ultnnate pH attained by the meat has important effects on 
other properties of the meat. Meat with a high pH is darker in colour 
than normal, slimy to touch and does not allow salt of curing pickle to 
penetrate readily. 
Reduction in microbial load by either keeping in refrigerated 
temperature or treating with different ways of preservation like curing, 
curing with antioxidants and smoking can enhance the hygienic status 
of meat, provide extended shelf-life, increase consumer acceptability 
and further improve the export of buffalo meat. Meat proteins are good 
source of carbon and nitrogen that are essential for microbial growth. 
Investigations show that smaller butcher shops have poor record of 
hygiene, and that infection is entering the food chain through faecal 
contamination on slaughter lines. 
Several simple methods have been investigated for reducing the 
initial microbial load on meat, such as use of water spray, hot water 
dips, organic acid dips and use of chlorinated water for washing the 
carcass. 
Food lipids oxidation is considered to be risk factors for human 
health. Some lipid oxidation products and few cholesterol oxides in 
particular, are considered altherogenic agents and appear to have^  
mutagenic, carcinogenic and cytotoxic properties. Lipid oxidation is 
one of the primary causes of deterioration in the quality of meat and 
meat products during storage leading to the development off-flavour, 
loss of colour and texture and decrease in nutritive value. 
Ascorbic acid is strong reducing agent. It is used as biological 
antioxidant to stabilize meat colour by way of pre-slaughter injection 
in annnals, exogenous addition in ground beef, dip treatments of 
surface application of beefsteaks. 
The use of polyphosphate in meat and meat products of beef, 
pork and chicken has been increasing due to their beneficial effect in 
improving the functionality of meat and the palatability and storage of 
meat products. Regardless of its origin, smoking, like curing of meat 
has been practiced since the beginning of recorded history. Curing and 
smoking of meat are closely interrelated and are often practiced 
together, that is cured meat is commonly smoked. The chemical 
components most commonly found in wood smoke include phenols, 
organic acids, alcohols, carbonyls, hydrocarbons, and some gaseous 
compounds such as carbon dioxide. Carbon monoxide, Oxygen, 
nitrogen and nitrogen oxide. The primar}' purpose of food preservation 
is to prevent food from spoilage. The modern meat industry is based on 
efficient refrigeration. If longer periods are required, then freezing the 
meat will extend the storage periods in to years. Overall the studies 
indicated that the meat may be slightly more tender after freezings yThe 
preservative action of refrigeration is based on the prevention of 
multiplication harmful bacteria, yeasts and moulds by the artificial 
lowering of temperature. All food preservation methods especially 
refrigerated or frozen storage are directed to inhibit or decrease the rate 
of the various reactions responsible for food deterioration. 
The development of meatpacking during the last 20 years has 
brought about major changes in the pattern of its distribution and 
marketing. The most fundamental function of packaging is to contain 
and utilize the product in to sizes and cuts required for the market. 
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Packaging must have both high strength and integrity. Packaging must 
allow the meat product to be produced and distributed efficiently and 
economically. The primary function of meat package to prevent 
contamination is easily accomplished with the range of plastic 
materials available today. The introduction of vacuum packaging for 
the distribution and storage of chilled beef has been hailed as the 
greatest innovation in meat handling during the last 25 years. The 
intention of MAP has generally been to preserve the fresh meat colour 
and to prevent an aerobic spoilage by using high concentration of O2 
(50-100%) along with 15-50% CO2 to restrict the growth of 
Pseudomonas and related bacteria. 
Keeping above stated points in mind the present study was 
conducted in the Department of Post Harvest Engg. and Technology of 
A.M.U.Aligarh to investigate the effects of smoking, curing and 
antioxidant treatments individually and in combinations on various 
physico chemical, microbiological and textural properties of raw 
buffalo meat .The effects of packaging material and storage condition 
on shelf life of buffalo meat was also investigated. The proximate 
composition of raw buffalo meat was found to be protein 19+1%, fat 
10±1%, moisture content 70±3%, and ash content 2±1%. During 
experimentation it was found that raw meat developed optimum level 
and desirable characteristics of smoking i.e. glossy surface finish 
blooming of colour and tenderization of tissues and uniform 
dehydration nearly after 8 hours of continuous smoking at 50-60"C 
temperature while cured as well as cured with antioxidants treated 
samples took 9 hours of smoking in achieving the same desirable 
characteristics described earlier. Initially, pH of raw buffalo meat was 
5.84. Decreasing trends of pH was observed during further storage. It 
was found that pH of raw meat packed in HDPE bags and Al-foils 
stored at 0 C reached to a value of 5.11 and 5.01 respectively after 40 
days in each case. 
Logarithmic value of TPC per gram of raw buffalo meat samples 
was 4.29. After 40^days of storage it went to 5.97 & 6.91 for HDPE 
and Al-foil packed at - 4*^ *0. The meat sample had desirable colour/ 
texture and aroma. The colour started fading with storage. Smoking 
considerably reduced the microbial population in raw meat. 
Logarithmic value of TPC per gram just after smoking was found to be 
4.20 and pH increased up to 6.14, thus the increase in pH was by 0.3 
units over raw meat. During storage colour was not entirely lost even 
after reaching spoilage condition. This was perhaps due to the surface 
coating of smoke on meat. 
Study on curing of raw buffalo meat was also conducted. It was 
found that cured meat improved in pH by 0.04 units over controlled 
meat samples. The cured meat samples were packed in HDPE & Al 
foils and kept for storage study at 0°C and -4"C. From the results of 
storage study, it was found that the logaritlimic value of TPC per gram 
started increasing slowly and the cured meat samples were found to be 
in spoiled condition after 50 & 40 days for HDPE bags & Al foil 
packaging respectively at 0 C and samples at -4 C has shelf-life 60 & 
50 days respectively for HDPE & Al foils. Combined treatment of 
curing and smoking was also taken for study to see the effect on pH of 
raw buffalo meat. There was considerable improvement in pH of cured 
and smoked meat samples over raw buffalo meat. Improvement in pH 
is indicative of meat quality and extension of shelf life during 
refi-igerated storage. There was slow increment in microbial population 
after 50 days. Logarithmic value of TPC per gram for HDPE and Al 
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foil packed samples were found to be 6.68 and 7.91 respectively at 0 C 
storage while the value of logarithmic value of TPC per gram for the 
counter part samples stored at -4'^ C were 5.82 and 6.81 respectively. 
The shelf-life determination was based on sensory characteristics and 
microbial characteristics. Two antioxidants Sodium Ascorbate and 
Sodium Hexa Meta Phosphate (SHMP) were chosen for treatments in 
combination with meat curing. In the first combination, curing was 
combined with Sodium Ascorbate and its additional effect was studied 
over control and cured meat. pH values of the curing combined with 
Sodium Ascorbate treated meat sample improved to 5.91 as compared 
to 5.84 and 5.88 for control and cured meat. 
The shelf life of sample under both packaging material was 
(^ 
found to be 60 & 70 days respectively. Sodium Ascorbate has positive 
effect on sensory characteristics of meat. Particularly the combined 
treatment improved odour and colour of meat. Curing in combination 
with Sodium Ascorbate and smoking had improved the pH meat 
samples to 6.54. pH value of combined treatment was better as 
compared to all previous samples. Curing and smoking in combination 
with antioxidants lead to increment in keeping quality of meat. This 
treatment caused sufficient reduction in microbial population. The 
storage study at -4°C of meat samples in both packaging material Al 
foil and HDPE revealed that the shelf life of samples were 70 and 90 
days and corresponding values of logarithmic value of TPC per gram 
was found to be 5.41 & 6.08 respectively. It was found that curing in 
combination with antioxidant (SITMP) brought significant 
improvement in the colour, texture and odour as well as pH and 
reduced the growth of microbial population. 
pH values of the curing combined with SHMP treatment 
improved to 5.98 as compared to 5.84,5.88 and 5.9] for control , cured 
and cured with Sodium Ascorbate samples respectively. The shelf life 
at 0°C in both packaging material were 60 and 70 days while its 
counter part sample stored at - 4*^C had shelf life of 80 and 90 days. 
The corresponding values of logarithmic value of TPC per gram were 
6.81, 7.27 and 7.24 and 6.89 respectively. 
Curing in combination with SHMP followed by smoking 
improved the samples pH to 6.78. It was better as compared to all 
previous samples. The combined treatment of curing with SHMP 
followed by smoking caused sufficient reduction in microbial 
population in comparison to all treatments, which were taken in the 
present study. Shelf life of the samples under - 4'C storage condition 
was found to be 120 days and corresponding values of logarithmic 
value of TDC per gram were found to be 7.44 and 5.86 respectively at 
0°C & -4"C. For sensory characteristics, it was found that the present 
combination i.e. smoked with cured and SHMP treated meat samples 
had better sensory scores in comparison to all samples taken in present 
study. 
Textural analysis of raw buffalo meat was conducted within 24 
hours of refrigerated storage conditions at 0"C and -4"C at regular 
intervals of 20, 40 and 60 days under different packaging material i.e. 
Al foil & HOPE bags. It was found that the mean peak force measurin-g ' 
hardness of raw buffalo meat was 11547.4 g when analysis was made/ 
for buffalo meat on second day. The sample was packed in Al foil and 
kept for storage at O^ C. Texture analysis of cured buffalo meat was also 
conducted after treatment and during refrigerated storage condition at 
0 C and -4"C under different packaging materials viz, Al foil and 
HDPE bags. It was found that the positive mean peak force measuring 
the hardness of cured samples on very first observation within 24 hrs 
of storage were 16680.7 g 20926.2 g for samples packed in Al foil and 
HDPE bags at -4'^ C. The increased values of mean positive peak forces 
is due to the treatment of curing solution and storage temperature i.e. -
4"C. Storage temperature at -4°C produced hardness in the meat 
samples, which caused increment in positive peak forces, while storage 
at 0 '^C, did not increase hardness as such. 
/- • ^ Textural analysis of curing with antioxidant Sodium Ascorbate 
treated meat sample were' conducted during refrigerated storage 
temperatures at 0"C & -4"C.The peak forces for samples stored at 0°C 
for Al-foil and HDPE bags were 15338.6g and 17079.9g, \M\Q its 
counteipart samples stored at -4°C had peak force values 22261 .Og and 
23356.5g respectively. Further textural analysis showed that the 
hardness started decreasing, but slowly in comparison to previous 
samples, packed in either Al-foil or HDPE bags at refrigerated storage 
temperature 0 C & -4 C.It was also observed that cured meat samples 
treated with Sodium Ascorbate had higher positive mean peak values 
at every observation in comparison to the raw and simply cured meat 
samples. In the case of SHMP treated meat samples, it has higher 
positive peak force values in comparison to raw, cured and S. A. 
treated samples. The peak force values for SHMP treated meat samples 
stored at 0°C and packed in Al-foil and HDPE bags were 16358.6g and 
19208.2g, while its counterpart samples stored at -4°C had peak force 
value 22261 .Og and 25381 .Og respectively on the very first observation 
within the 24 hrs of storage. Treatment of SHMP improved the texture 
and meat samples became more compact as compared to raw meat 
samples. The low temperature of -4^C added more hardness and 
extended shelf life. 
All treated samples were treated with smoke also. Smoking 
caused dehydration. It is evident from the all textural graphs that the 
mean positive peak forces increased due to dehydration and partial 
cooking effect as compared to only non-smoked raw & treated meat 
samples. Positive peak force values for samples on the very first 
observation within the 24 hrs of storage at 0°C packed in Al-foil and 
HDPE were 12396.6g and 13488.2g for raw smoked, 15773.7g and 
19336.2g for cured smoked, 20989.7g and 21040.4g for cured, sodium 
ascorbate treated and smoked , 21009.7g and 23168.7g for cured, 
SHMP treated and smoked samples. Wliile its counterpart samples 
stored at ~4°C had peak force values 13728.4g and ]5536.2g for raw 
smoked, 16754.9g and 21748.7g for cured smoked, 21298.0g and 
23168.6g for cured, SA treated and smoked and 214.7.8 g and 
29418.7g for cured, SHMP treated and smoked sampled respectively. 
The samples were kept for storage study and on 20, 40,60, 80, and 100 
day the texture analysis was conducted. It was found that as usual the 
samples started loosening its texture with the increasing storage period. 
But the peak force showed that the softening in texture was little bit 
slow for smoked sample as compared to raw & treated samples. 
Smoking caused the partial denaturation and dehydration effect on 
meat, which was the cause of increment of positive mean peak force 
for smoked meat samples. 
The smoking of raw meat created many qualitative changes in 
raw meat. Smoking of meat is very effective device to preserve the 
p 
meat. The combined treatment of smoking and antioxidants like Poly 
phosphate (SHMP) was found to be most successful in improving the 
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coliior, texture and aroma of meat. The shelf- life of meat given 
combined treatment was 120 days under refrigerated condition. 
Smoking led to development of a layer of formed sward compounds by 
thermal decomposition of hard wood. These compounds are phenols, 
poly phenols, carbonyl compounds and organic acids. Among these 
compounds some are antimicrobial, some are antioxidants and some 
are effective in colour and flavor development. The phenol and 
aldehyde condensation during smoking helped in formation of resins, 
which added to glossy finished surface to the raw and treated meats. 
There was considerable reduction in moisture, increment in pH, 
improvement in colour, texture and odour after smoking. Dehydration 
effect, antimicrobial and antioxidant properties of smoke were 
considered to be the responsible factors for the extension of shelf lives 
of smoked samples. It was observed that curing followed by smoking 
considerably increased pH and also improved colour, texture and odour 
of meat. 
The samples cured and treated with SHMP and finally smoked 
were found to be the best as far as quality (physico-chemical properties 
and textural properties) & shelf life is concerned. There was greater 
improyeiTieiit in pH as compared to the individual treatments or any 
other combination thereof. The samples improved in colour, texture 
and odour and had maximum score for colour, texture and odour. The 
storage study established that this sample i.e. samples treated with 
SHMP and finally smoked has greatest shelf life during storage. 
Study on effect of packaging materials on raw and treated meat 
samples suggested that packaging material played an important role in 
improving meat quality during storage. The most suitable packaging 
material for raw and treated meat was found to be HDPE as compare to 
Al-foil. The controlled oxygen supply helps in maintaining the colour 
of meat. The packaging material HDPE therefore allowed the 
permeation of required oxygen for maintaining the colour of meat. 
HDPE sliowed better performance as compared to Al foil in 
maintaining physico-chemical, microbiological, sensory and textural 
characteristics of meat samples. This was due to the barrier properties 
and better sealability of HDPE films as compared to Al foils, which is 
being used as a wrapping not packing with seal. 
As far as storage temperature is concerned, it is very much 
evident from this work and has been supported by many previous 
researchers that lower storage temperature increases the shelf life. 
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Introduction 
CHAPTER-1 
INTRODUCTION 
Our hominid ancestors starting in the stone age have consumed 
meat for several milHons of years making meat a "time honoured" 
food (Eaton and Konner, 1985; Abrams, 1987). Human beings, 
going back at least 30,000 year have consumed meat, primarily form 
wild animals until the practice of domestication of animals gradually 
developed. With the growth of urban centers, a meat marketing trade 
developed with increasing dependence on farmers and ranchers 
raising domestic animals for sale or barter. Thus, meat has always 
been considered a highly valued food (Harris, 1986; Lauwerier, 
1986). 
Scientifically, the terms meat and meat products refer to the 
muscle of warm-blooded terrestrial four legged animals viz. cattle, 
sheep and pigs. It also includes the glands and organs of these 
animals in addition to many of the by-products from animal 
slaughter such as animal gut used for sausage casings, the fat from 
the meat used in the manufacturing of lard, gelatin and others. Food 
from animal products, represent concentrated source of many of the 
nutrients required by human. It is rich in most of the nutrients 
required by man as the tissues and body fluids of men are very 
similar to those of animals. It is rich in protein and contains all tlie 
essential amino acids. Meat is also rich in minerals and Vitamins, 
y Phosphorus, Copper and Iron are present in significant amounts in 
meat. Moreover, farm animals convert large quantities of plant 
roughage materials unsuited for human consumption in to human 
food. 
In meat processing industry, different terms are used to 
designate meat from different types of animal. Veal is the meat from 
cattle slaughtered three to four weeks after birth. The carcass of 14 to 
52 weeks cattle is called calf Beef is normally the tenn used to refer 
the meat of cattle over one year old. Beef carcass is classified 
according to sex, age and sexual conditions of the animals and includes 
steer, heifer, cow, stag and calf The meat of sheep and goat are 
normally called mutton while pork is the meat of swine. 
Table-1.1 Estimated Live Stock population of India. 
Species PopuIation(in million) Rank in World 
Buffalo 80.0 1 
Sheep 51.0 
Goat 123.0 
Pig 12.0 
Cattle 206.0 
Poultry 435.0 
Source; The Hindu Survey of Indian Agriculture,2002. 
Among all the source of meat and meat products in India, 
buffalo ranks first (Table-1.1) because of its domestic demands and 
export potential. It contributes about 85% of the total meat export from 
India (Table-1.2) and its production in country is about 50% of the 
world's total meat production. Table-1.3 shows the possible/expected 
production of buffalo meat in India. As buffalo^, convert poor quality jfC-^ 
roughage into muscle and an increase infitsymeat production would 
make a notable contribution to human nutrition and economy of the 
country, due attention is required to increase its demand in world 
market. 
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Table-1.2 Export of Meat and poultry products(in Rs. Crore) 
Year 
1995-1996 
1996-1997 
1997-1998 
' 1998-1999 
1999-2000 
2000-2001 
Export Worth Rs. (in Crore) 
650.01 
788.23 
850.22 
859.00 
845.00 
860.40 
i 
Source: Annual Report 2001, Ministry of Food Processing Industries, 
New Delhi. 
There seems to be great potential in production of buffalo meat 
from calves. A study of livestock population in India shows that with 
this 205 million cattle and 84 million buffaloes India ranks first in the 
world. Out of total buffalo population, 107 lakhs calves can survive up 
to one year while in reality only 52 lakhs calves attain this age. There 
are 27 indigenous breeds of cattle and seven breeds of buffalo. The 
gross value out put of the live stock sector is approximately worth 27 
million dollar. In other words approximately 50% calves die due to 
malnutrition and neglect. These could be tapped for production and 
export of meat (Sahoo et.al.,l9%). Systematic developments of sound 
agro based industries are essential for all round progress of the country. 
Scientific and deliberate exploitation of our animal resources for meat 
production has received very little attention so far. India with the 
world's largest livestock population has an estimated meat production 
of 4.59 million tones only (FAO, 1999). Many of the European 
Countries have started giving due attention to buffalo meat production. 
Coimtries like Italy and Bulgaria have injtiated planned efforts while in 
Brazil it has been taken as an industry termed Black Gold Industry 
(Sen and Karim,2000). 
In spite of great potential, India contributes less than one percent 
of total buffalo meat exported throughout the world. The poor sanitary 
quality of meat is one of the major reasons for lower demand of the 
Indian buffalo meat in world market. Since the meat is an excellent 
medium for the growth of the microorganisms, poor hygienic 
procedures and inadequate storage conditions provide ample 
opportunity for their growth. During slaughtering, dressing and further 
processing, meat surface invariably comes in contact with 
contaminated tools and other equipment and get easily contaminated 
(Ziauddin and Narsimhan,1992). 
Table-1.3:The production of Meat and Meat Products, 
(in thousand tonnes) 
Meat 
Mutton & Goat 
Pork 
Poultry 
Beef 
Buffalo 
1996 
629 
420 
480 
1292 
1204 
1997 
670 
420 
580 
1292 
1205 
1998 
675 
420 
600 
1295 
1210 
Source: Annual Report 2001, Ministry of Food Processing Industries, 
New Delhi. 
In light of domestic demand and export potential of buffalo 
A ,^ 
meat, its production, processing and preservation hasjas'sumed great 
importance in recent years. In the broadest sense the meat processing 
includes curing, smoking, canning, cooking, freezing, dehydration, 
production of intermediate moisture products and the use of certain 
additives such as chemicals and enzymes. This definition excludes 
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cutting, grinding and packaging of fresh meat in retail shops and in 
homes (Pearson and Young, 1989). 
In recent past, both the meat processing industry and meat 
science research have made tremendous strides. The fresh meat 
industry in abroad has progressed from sale of carcasses complete with 
fat and bone, to the sale of trimmed cuts that are vacuum packed and 
shipped in convenient-sized boxes to retail outlets. Predictions point to 
increased preparation and packaging of retail cuts in the same plants 
that perform slaughter and chill functions and the distribution of these 
retail cuts to retail outlets. Most of these retail cuts are 100% edible, 
boneless and closely or totally trimmed of outside fat. A gi'eater 
number of convenient precooked forms of meat such as microwavable 
products and ready-to-eat products are available. Processing has 
progressed from an art handed down from generation to generation 
within a family, to a science, in which the recommended technology is 
backed by sound principles of chemistry, physics, microbiology and 
statistics. The meat science research has also changed since earlier 
times when the major research tools were knives, scales, cookeiy 
facilities, a microscope and a shear machine. Now varied techniques 
such as cell culture, immunofluorescent and electron microscopy, high 
performance chromatography, differential scanning calorimeter, 
reflectance spectrophotometry and textural measurements all 
contribute to our understanding of the properties of meat. 
Increased scientific information and technological advances 
have greatly changed many processing methods, viz. curing, smoking, 
freezing etc. Packaging has assumed greater significance these days for 
maintaining the quality of meat and its products. The developments in 
methods and material of meat packaging during last few decades have 
brought major changes in pattern of preservation, distribution and 
5 
marketing due to improvements in shelf-life, attraction to the 
consumers and extension in period of attractive display. In fact, 
packaging may become an integral part of meat and meat products and 
form a link between the meat products and consumers. This 
necessitates the proper selection of a packaging material, which should 
allow the passage of oxygen essential for the development of 
oxymyoglobin or blooming of the meat. Use of vacuum packaging to 
increase shelf-life and to maintain quality of muscle foods has been 
advocated (Anandaswamy and Iyenger,1980). During frozen storage of 
meat, vacuum packaging is reported to be the most protective for 
various characters viz. T.B.A. value, visual colour, metmyoglobin. 
Hunter 'a' value etc. (Brewer and Wu. 1993). 
In India, buffalo meat is mainly produced from old and 
unproductive animals, which is coarse and tough. Such tough meat can 
be profitably utilized for the production of a variety of convenience 
and value added meat products (Govindarajan,1973; Sahoo et. 
<7/.,1998; Anjaneyulu el a/., 1989). But grinding of meat leads to rapid 
fonnation of metmyoglobin and increases oxidative rancidity, thereby 
decreasing colour, odour and shelf-life besides causing accumulation 
of lipid peroxidation products, which are injurious to health. However, 
it has been reported that pigments and lipid stability in ground beef 
could be improved by using vitamins C and E (Mitsumoto et ai, 199 iy 
Lipid oxidation leads to the development of off flavour, loss of 
colour and texture, an increase in drip loss, decrease in nutritive value 
and the production of potentially toxic compounds (Anderson 
et.al.,]990; Buckley et a/.,]995; Siirve et ai, 1990). There are several 
chemicals, synthetic antioxidants available to prevent the oxidative 
changes in meat, but these are harmful to human health due to their 
residual effect on meat. Carcinogenic and other adverse effects of BHA 
(Chen el a/., 1984). BHT (Takahasi,1990). TBHQ (Jones, 1989) and 
other synthetic antioxidants are reported. Therefore, there is a public 
disapproval of chemical preservatives in meat and an increasing 
demand for the use of naturally occurring antioxidants in many 
countries of the world. 
Keeping in view the scanty information available in literature 
related to effects of different treatments viz. smoking, curing, 
antioxidant treatments as well as their combination, packaging 
materials and storage conditions etc. on different physico-chemical, 
textural and organoleptic characteristics, the present investigation was 
carried out at the Department of Post Harvest Engineering and 
Technology, Faculty of Agricultural Sciences, Aligarh Muslim 
University, Aligarh (U.P.). India with following objectives: 
(a) To optimize the smoking time of raw, cured and cured cum 
antioxidant treated buffalo meat in a drum type smoke house 
keeping the temperature between 50-60°C. 
(b) To study the various physico-chemical and textural 
characteristics of raw as well as treated meat (smoked, cured, 
smoked cured and antioxidant treated). 
(c) To evaluate the microbial characteristics of raw, smoked and 
smoked cured antioxidant treated meat (individually and in 
combination) before and during refrigerated storage conditions 
(d) To study the effects of packaging materials on the shelf-life 
and sensory characteristics of buffalo meat (raw as well as 
treated) during refrigerated storage. 

CHAPTER-2 
LITERATURE REVIEW 
This chapter reports the review of available literature related to 
topic of investigation. 
2.1 Meat 
Meat itself is not a living organism but it is subject to endogenic 
enzymatic activity, or proteolysis, which causes muscles tissue to 
become mature, tender and develop a typical taste. 
Muscles, regardless of shape or functional properties, contain a 
continuum of connective tissues consisting predominantly of the 
fibrillar coUagens which encompass and invest cellular and extra 
cellular elements. Collagen represents about 2-6% or more of the dry 
weight of muscle, depending on muscle type and animal's age. A 
heavy sheath of connective tissue called the epimysium surrounds 
entire muscles. Myofibres are arranged longitudinally into bundles of 
fibres or fasciculi, which are enveloped, in thin sheets, or trabecula of 
connective tissue known as pernnysium. The organells of muscle cells 
are bathed in a cytosolic fluid known as the sarcoplasm. The 
sarcoplasm is a protein-rich, aqueous solution that occurs primarily in 
the interfilament spaces within each myofibril (Bailey and Light, 
1989). 
2.2 Pre-rigor Conditions in Meat. 
The myofiber is unusual in that it contains many nuclei and has 
an elaborate cytoskeletal apparatus for contraction. It contains many of 
the cell components found in other tissue cell types and, in general, 
these organelles perform the same functions as they do in other cell 
types. Mitochondria utilize oxygen and other substrates to produce 
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energy in the form of adenosine tri phosphate (ATP). When ATP sphts 
into adenosine diphosphate (ADP) and inorganic phosphate (Pi), 
energy is released and is harnessed for contractile activity. 
In the living state, ATP for muscle function may be obtained by 
aerobic or anaerobic metabolism. Aerobic metabolism includes the 
process of glycolysis and respiration (Greaser, 1986). In the myofibre, 
glucose is stored as the polysaccharide, glycogen (Schutt and Lindberg, 
1993). Creatine phosphate (CP) is a chemical compound which serves 
as a storage for the high energy phosphate necessary to regenerate ATP 
from ADP. Creatine phosphate availability is especially crucial during 
times of high energy demand by the muscle. Creatine Kinase is an 
enzyme that catalyzes a reversible reaction whereby ATP may be 
regenerated from ADP utilizing CP (Hultin, 1985). 
ADP+CP-^ATP + Creatine Phosphate 
At death, the animals ability to obtain and deliver oxygen to 
tissues is lost, but some aerobic metabolism can still occur at carcass 
tissue surface where oxygen is readily available. Although the capacity 
to produce ATP tlirough aerobic processes in deeper location within 
the tissue has been compromised, all biochemical components 
necessary for an aerobic metabolism in cells are present and functional, 
and glycolysis proceeds. As a result, changes occurs in the 
concentrations of glycolytic substrates and reaction products until a 
point is reached at which some reaction in the glycolytic process is 
arrested and metabolism ceases. Wlien this occurs, the ability to 
product ATP is completely lost and rigor mortis is established 
(Newbold, 1966). 
2.3 Postmortem changes. 
During the post mortem pre-rigor process, several changes occur 
in the concentrations of glycolytic substrates and products. The 
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changes in concentration of H^ (pH), ATP, CP and extensibility from 
the point of death until the onset of rigor mortis (Ockerman, 1980). 
Rigor mortis is a temporal process occurring during the time 
course of post mortem glycolysis and is characterized by progressive 
stiffening of the muscle (Greaser, 1986). The rate of post mortem 
glycolysis and the extend to which it occurs have implications for 
muscle food quality. As anaerobic glycolysis proceeds from the point 
of slaughter to rigor mortis, changes occur in the muscle. The 
production of HT leads to more acidic condition i.e. decreased pH of 
muscle tissue (Love and Pearson, 1974). Degradation of specific 
myofibrillar proteins has been followed by many researchers. Hopkins 
and Thompson (2002) reported that protein such as titin, nebulin, 
troponin-T, desmin, filamin and vinculin are degraded at different rates 
during post-mortem storage of meat. 
2.4 PSE and DFD. 
Animals, which are exposed to stressful condition prior to 
slaughter, may produce meat that is pale, soft and exudative (PSE), or 
dark, firm and dry (DFD). In PSE condition, muscles are quite soft and 
tend to sag, meat surfaces are watery and light coloured. When cooked, 
PSE meat is very dry and unpalatable. Its utility for cooked / processed 
meats manufacture is limited due to poor water holding capacity. 
Research indicates that the loss of protein fimctionality in PSE is 
responsible for the inferior quality of PSE meat (Boles et al, 1992). 
In PSE meat, an abnormally high rate of anaerobic glycolysis 
starts just after slaughter. The rapid biochemical reactions produce heat 
so quickly that muscle temperature increase immediately, may exceed 
the normal physiological level. The elevated glycolytic rate also means 
the muscle pH decrease rapidly (Abu Baker et. al, 1982). 
The dark, firm and dry (DFD) conditions in a meat quality are a 
defect. In this DFD, meat appears darker than normal appearance. Meat 
surfaces appear dry and the pH of the meat is higher that normal. The 
pH range of normal meat is 5.3-5.8.The pH of DFD meat generally 
exceeds 6.0 - 6.2 and may reach as high as 6.8 (Acton and Saffle, 
1969). DFD meat is obtained from such animals which have been 
exposed to long term pre-slaughter stress. However, PSE meat has 
tremendously reduced palatability of meat due to higher moisture 
losses during cooking (Koohmaraie et al, 1984). 
2.5 Biochemical Changes. 
Various biochemical processes occur after rigor-mortis and some 
of these have significant implications for the quality of muscle as food. 
One of them is aging. Meat is aged to improve tenderness. Aging is 
necessary as meat is often unacceptably tough immediately following 
rigor onset. In Aging process carcasses are kept at 4°C (Perkin and 
Tauber, 1984). This has been found to be very effective in improving 
meat tenderness. During aging process, tenderization occurs as a result 
of protein degradation or proteolysis (Bonton ct. al, ,1978). , 
2.6 Sensory Characteristics of meat. ^z>Du;l irM , 
People eat foods they like. The food may include muscle foods 
also. Sensory properties impact on these liking (Booth, 1990). A broad 
spectrum of sensory input , including appearance , aroma, flavour and 
texture is used by consumers to make purchasing and eating decisions 
related to muscle foods . In 1990, Cohen described the important 
sensory qualities of meat as flavour, colour, texture , nutritive value 
and wholesomeness. 
For meat selection in a retail supermarket, consumers generally 
evaluate the sensory properties in terms of colour, surface 
characteristics, size and shape(Rhodes, 1979).The effect of meat colour 
on acceptance of red meats is well established(Jeremiah el al.J912). 
Size and shape also play roles in selection and purchase of muscle 
food. During storage , consumers continue to use visual characteristics 
as cues to quality and acceptance. Colour loss, especially the loss of 
red colour in meat , is perceived negatively by consumers, hence the 
practice of packaging meat in wraps that preserve the fresh colour. 
2.6.1 Colour. 
The red colour meat is due to the presence of heme protein, 
myoglobin. The degree of meat pigmentation is directly related to 
myoglobin content, (Elkoussy et ai, 1977). Meat colour is an 
extremely important sensory characteristic by which consumers make 
judgements of meat quality. Meat colour determines the shelf-life of 
meat (Hamm, 1981). When a freshly cut piece of meat is exposed to 
air, both the reactions, oxygenation and oxidation take place. At a 
surface, where oxygen is freely available oxymyoglobin is formed and 
where oxygen has not penetrated, the pigment remains as purple, 
reduced to myoglobin. Oxygenation of myoglobin is rapid, on the other 
hand oxidation to metmyoglobin is slow. The importance of colour as 
marketing attribute of meat is well established, especially for retailing. 
2.6.2 Flavour. 
Flavour is complex sensation involving gustatory (taste) and 
olfactory (smell) stimulations (El-kady and Fahmy , 1984). It is one of 
the most important palatability attributes of food. The raw meat has a 
weak, salty and serum like flavour while the true meaty flavour 
develops during cooking. The lipids in meat contributes to flavour. The 
formation of lipid breakdown products leads to development of 
undesirable flavours and odours (Foad and Yourself, 1973). 
2.6.3 Warmed over Flavour (WOF). 
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Meat is an excellent source of iron and this is a nutritional 
benefit. The iron can also serve to enhance lipid oxidation in meats. 
Cooking results in off-flavour known as warmed over flavour(WOF). 
WOF is a flavour defect that occurs in reheated meat products. This 
occurs in cooked meat that is stored under refrigerated conditions, the 
warm temperatures of the reheating process may also accelerate lipid 
oxidation. The outcome is that rancid flavour development, resulting m 
WOF (Wilding e/a/., 1986). 
2.7. Textural Properties of meat. 
Texture is the most important palatability factor that affects the 
acceptability of meat. The amount of connective tissue has a profound 
effect on the texture of meat (Tabilo et. a I.,1999). Texture, especially 
tenderness and juiciness, has a substantial effect on acceptability of 
intact cuts of meat. It has long been believed that tenderness is the 
most important attribute, because if meat is tough, other sensory 
properties become less important. Diamant et al., (1976) found that 
tenderness was the most important quality characteristics for cooked 
pork. Bouton and Harris.(I972) indicate^hat, as tenderness increased, 
overall acceptability increased. Juiciness is most often discussed as 
essential in muscle foods. Juicy and moist were terms often mentioned 
by consumers in focus groups to describe an ideal piece of meat 
(Chamber el ai, 1992 'a'). Texture characteristics such as flakiness are 
important in fish, especially for those people who do not like fish 
(Poste ct al., 1988), but obviously would not be important in many 
other muscle foods. Focus groups (Chamber et ai, 1992 'a') indicated 
that consumers use their perceptions of meat to determine sensory 
acceptance, safety, healthfulness, quality and value. Appearance 
characteristics of both raw and cooked meat impact consumer's 
perceptions of safety. 
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Texture characteristics of foods constitute one of the main 
sensory attributes perceived by consumers. Instrumental texture 
analysis is a good tool to asses texture of foods. The knowledge of 
physical sense and the correct calculation of the parameters allow a 
good interception of results (Pons and Fiszman, 1996). Proteolysis of 
muscle structural proteins is the main biochemical mechanism 
responsible for the progressive meat tenderization during dry-curing. 
The enzymes mainly involved in this process are proteinases 
(cathepsins, B, D, H and L and to a less extent calpains) (Toldra et ai, 
1993) and exopeptidases (peptidases and amino peptidases) (Toldra 
and Flores, 1998). Sensory characteristics of dry-cured ham are 
strongly affected by these enzymatic reactions although, its activity 
level depends on the properties of raw meat such as age, cross 
breeding, processing conditions (temperature, time and water activity) 
and curing agents (mainly salt) (Toldra et al., 1,997, Toldra & Flores, 
1998). Tenderness is an appreciated and desirable chWacteristic but an 
excessive degree of proteolysis can result in lower jmeat texture that 
can affect consumer acceptability. 
Biochemical composition of muscle is an important factor that 
affects meat quality. Studies have revealed that the collagen content 
alone cannot be considered a reliable parameter for textural properties. 
The two collagen interacting proteoglycans, decorin and fibromodulin, 
in two muscles differing in texture, M. semitendinosus (ST) and M. 
psoas major (PM). The difference in texture was confirmed by Warner 
Bratzler shear force measurements. The proteoglycan expression level 
was determined both on protein and mRNA levels by SDS-gel 
electrophoresis and northern blots, and related to the collagen 
expression. The tougher muscle, ST contained more decorin than the 
tender muscle PM, but less decorin per collagen. However, the 
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difference in fibromodulin level per collagen was not significant 
between the two muscles , indicating that decorin is a better parameter 
to study in relation to textural properties in bovine muscle (Pedersen et 
ai, 2m\) 
Consumers use textural attributes to determine both acceptability 
and quality. Many consumers define quality in terms of texture i.e. 
tenderness and juiciness, with more tender and juicy meat considered 
to have higher quality. 
2.8 Physico- Chemical qualities. 
2.8.1 pH. 
Probably, pH is the quality attribute most commonly measured 
in fresh meat, it affects technological ability, keeping ability and most 
sensory traits. The ultimate pH attained by the meat has important 
effects on other properties of the meat. Meat with a high pH is darker 
in colour than normal, slimy to touch and does not allow salt of curing 
pickle to penetrate readily. Meat that develops a relatively high pH is 
difficult to cure properly. It has been studied that the relation of the pH 
of meat to its electrical resistance and found that pH between 5.8 and 
6.0, there is a rapid increase in resistance (Fogg and Harrison, 1975). 
Relatively high pH is desirable in meat, which is to be frozen since in 
this range of pH's discolouration and the rate of fat oxidation are 
inhibited and the drip losses are minimized (Green, 1969). The rate of 
pH fall depends on temperature (Marsh and Thoinson, 1958). Higher 
muscle pH values were associated with a more tender meat and the 
toughness of hot boned meat might be due to an accelerated pH fall 
(Peterson and Lilyblada, 1979). Higher pH values were resulted in 
greater bmd in fresh pork patties, higher cooking yield and improved 
juiciness (Keeton, 1983) and decreased thiobarbituric acid (TBA) 
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values in fresh pork products (Judge and Aberle, 1980, Drerup el al., 
1981). 
2.8.2 Water Holding Capacity (WHC). 
Water holding capacity means the ability of meat to hold water 
to Its own or added water during application of any force (pressing, 
heating, grinding, centrifugation etc.). A high WHC in the lean meat is 
a decisive factor for producing a high quality sausage (Hamm, 1981). It 
also prevents rendering out of fat, which results in lower losses during 
smoking, cooking, storage, and canning of the sausage. The water 
liberated by such external forces is termed as "Loose water" and the 
water retained by tissue is called "bound water". The term swelling 
means spontaneous uptake of water by meat fiom any surrounding 
water resulting in increased weight of muscle. WHC and swelling both 
are due to interaction between muscle tissues and water. This 
interaction is called "meat hydration". The changes in WHC are 
determined by the extent to which the free water is immobilized within 
the microstructure of tissue (Hamm, 1960). Thermally induced meat 
protein gelation is the key element required to bind meat pieces 
together with optimal strength in processed meat products (Hedric el 
a!., 1994 'b'). Heat induced gelation of the meat proteins i.e. myosin 
and actomyosin, plays an essential role in the development of binding 
properties of comminuted meat products such as sausages (Samejima 
et. al., 1969, Ishioroshi el. al., 1983). Thus, myosin and actomyosin are 
the most important factors for the development of the binding 
properties of thermally induced meat protein gels (Samejima el. al., 
1969, Samejima, el. al., 1981,1982). Not only myosin and actomyosin 
contribute to the rigidity (firmness) of thermally induced meat, they are 
also critical to the water holding capacity (WHC) and high cooking 
yields (Haman, 1988, Smith, 1988). Water retention in processed meat 
16 
products is the major contributing factor to the sensation of juiciness 
(Hedricke/. a/., 1994'c'). 
2.8.3 Emulsifying Capacity (EC). 
Emulsion theory holds that during chopping, salt soluble muscle 
proteins and water act as continuous phase of the emulsion, coating fat 
globules in a two-phase system, which is stabilizing upon the thermal 
processing. The emulsification of fats is mainly responsible for 
stability of comminuted meat products such as Frankfurters and 
Bologna. Recently following three physico-chemical events, which 
impart on protein's fimctional properties in comminuted meat products 
have been recognized (Acton et al, 1983). 
(i) Protein-water 
(ii) Protein-fat association, and 
(iii) Protein-protein aggregation. 
These interactions may directly be related to the measurable 
functional properties of WHC, fat binding and textural strength 
respectively. Gelation of ingredients results in the stabilization of 
emulsion type sausage. Intracellular beef muscle proteins were ranked 
from greatest EC to least as foUows-actin in the absence of salt, 
jnyosin, actomyosin, sarcoplasmic proteins and actin, in 0.3M salt 
\Hegarti et al, 1963). Myosin and actomyosin produced emulsions 
' with superior stability, however at the pH of normal fresh meat (5.6-
5.8); the sarcoplasmic fraction produced the most stable emulsions. 
Non-protein nitrogen compounds were reported to have no role in 
emulsion formation. 
Fat globules in pre-rigor meat emulsions were more evenly 
distributed, rounder in shape and surrounded with heavy matrix of 
protein, where as with post-rigor emulsions fat globules were irregular 
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in shape and had a thin protein matrix around the fat globule (Froning 
and Neelakantan, 1971). 
The majority of methods used to measure EC were based on a 
procedure developed by Swift et al., (1961). The EC was reported as 
ml of fat (oil) emulsified by unit weight of meat (weight basis) or as ml 
of oil emulsified by unit weight of salt soluble protein (Protein basis). 
Expression of EC data on weight basis was probably more pertinent for 
meat industry. The protein network physically and chemically 
enhances the water retention by their capillarity and non covalent 
bonding (Acton and Dick , 1984) 
2.9 Microbiological Properties. 
Food borne illness implicating meat and meat products as the 
vehicles of transmission for pathogenic microorganisms have been 
well documented in the literature. Fresh meat is ideal sources of 
nutrients for proliferation and growth of both spoilage and pathogenic 
bacteria. 
In India, buffalo meat is one of the major item for export as well 
as domestic consumption. Reduction in microbial load by either 
keeping in refrigerated temperature or treating with different ways of 
preservation like curing, curing with antioxidants and smoking, can 
enhance the hygienic status of meat, provide extended shelf-life, 
increase consumer acceptability and further improve the export of 
buffalo meat. 
Microbial safety of meat and meat products is of great public 
and industrial significance. However, some would claim that the 
numbers of disease out break caused by meat products have not 
decreased, even through a lot of research and various approaches had 
been evaluated to ensure the increased cleanliness of meat and meat 
products. The question then arises is why are more problems surfacing 
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in meat and meat products which are presumably cleaner than product 
more contaminated. Murphy (1996), in his article of "how clean is to 
clean"? reported that "Jay (1996 'a') suggested that the current 
approach to food safety should be achieving the goal of safe meat, not 
just in reducing the number of microorganisms". Jay. (1996 'a') asked 
a thought provoking question "Is our meat too clean?" which is based 
on the hypothesis that lack of microbial interference and competitiofi 
might be encouraging pathogens growth and causing food poisoning. 
Beneficial attachments of non-pathogenic micro flora in fighting 
food borne disease of live poultry, called competitive exclusion, has 
been applied widely (Jay, 1996, Scanlan, 1997, Palmu and Camelin, 
1997, Nuotio el al, 1992, and Hume et. ai, 1996,1997). The presence 
of other competitive micro flora have been known as an effective 
method in preserving food , and lactic acid bacteria have been 
suggested as suitable "barriers" against pathogenic organisms 
(Gombas, 1989). The most common microbial interferences used in 
meat and meat products are the use of LAB (Lactic acid bacteria) 
which are bacteria that have received a great attention in food. Abdel-
Bar and Harris (1984) had reported that Lactobacillus bugaricus with 
levels of 104 to 106 CPU /ml has inhibitory effects on pathogens in 
ground beef 
Meat proteins are good source of carbon and nitrogen that are 
essential for microbial growth. Microorganisms degrade the muscle 
proteins by proteolysis and utilize the essential nutrients for their 
growth during spoilage process, which depends upon the composition 
of muscle and type of micro flora present on meat (Gill and Newton, 
1982). 
Microbiological analysis in the meat industry is mainly targeted 
to count total microorganisms or a specific past of the microflora, or to 
19 
detect the presence of selected genera or species of microorganisms. 
Investigations show that smaller butchers shops have poor record of 
hygiene, and that infection is entering the food chain through faecal 
contamination on slaughter lines (Pennington, 1988). Ground beef 
prepared from hot processed beef sides was equal or superior to that of 
beef from conventionally chilled sides tlirough 45 days of storage at 
0°C in terms of bacteriological quality (Emswiler and Kotula, 1979). 
However, greater microbiological counts in hot-boned cuts were 
reported (Kennedy et. ai, 1982) and lower counts in the latter case 
were attributed to greater dehydration of conventionally processed 
meat surfaces. It was recommended that hot boned meat must be 
cooled to 8°C or below within 4 lir of boning when the initial 
temperature of the boned meat is 40°C, 6 hr for 30°C and 9.5 hr for 
20°C to maintain the microbiological integrity of meat (Herbert and 
Smith, 1980). 
The process of conversion of live animals to meat for 
consumption invariably results in microbial contamination of meat. 
The increase in microbial load results in reduced shelf-life of meat 
(Surve cV. ai, 1991, Ziauddin ei. ai, 1992, 1995). The aerobic 
mesophiles count and psycrotrophic plate count (PPC)of ground 
buffalo meat were not significant affected by Tocopherol acetate 
treatment. The aerobic mesophiles count and psychotrophic plate count 
in control samples were log 5.46/g and log 5.2/g respectively while in 
treated samples it ranged from log 5.36/g to 5.33/g and log 4.94 to log 
5.12/g respectively (Sahoo and Anjaneyulu, 1997). Agnihotri (1988), 
Anjaneyulu (1988) and Murthy (1988), reported that standard plate 
counts of ground buffalo meat ranged from log 5.46/g to log 7.06/g 
during refrigerated storage. They also observed that PPC increased up 
to log 6.62/g in groimd buffalo meat after 10 days of refrigerated 
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storage. The samples in the present study were well below the level of 
incipient spoilage of meat, i.e. log 7.0/g (Hytiainen el ai, 1975) at the 
end of the storage period. 
Several simple methods have been investigated for reducing the 
initial microbial load on meat, such as use of water spray (Anderson el 
ai, 1987), hot water dips (Hegarty and Allen, 1975), sprays 
(Charles, 1982; Hamm and Deathorage,1960), organic acid dips 
(Smulders, 1995) and use of Chlorinated water for washing the carcass 
Herring e/.«/.,1965;Sachindra et. ai, 1998; Farouk and Swan, 1998). 
Bachhil (1983) isolated Escherichia Coli from buffalo meat and 
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reported that 25.6% of the isolates were pathogenic, means, E-Coli 
count/ g was 1.5 x 10 and 21 strains were enteropathogenic. 
Paranjape e/.a/.,(1985) compared the microbiological quality of 
minced and chunk buffalo meat. Mince meat spoiled more quickly than 
chunks and low ERV (Extract Release Volume) value were directly 
related to high TVC. Microbiological, chemical and sensory quality 
changes in vacuum packaging carabeef stored at various freezer 
temperatures were studied by Daulay et al. (1980). At -12°C and ~()°C 
to -7°C the microbial population of both samples (consisting of 
micrococcus, lactobacillus, pseudomonas and bacillus sp.) decreased 
considerably. Micrococcus and lactobacillus and later lactobocacillus 
predominated throughout the storage period. Autolytic processes of 
microactivity resulted in a slight increase in pH while production of 
basic metabolites caused quality deterioration. All carabeef samples 
were still acceptable up to the end of storage period despite minor 
changes in the sensory properties. Sison el. al. (1980) reported that 
based on the total microbial count, carabeef stored at 4° C had a shelf-
life of 5 days. Spoilage started on the sixth day and was manifested by 
off odour, slime formation and greenish discolouration by microbial 
21 
proteolysis predominantly caused by pseudomonas, micrococcus, 
alkaligenes bacillus and lactobacillus. Carabeef cuts stored at -7°C 
and -18°C had a shelf-life of six months. Whereas at fluctuating 
temperature of-18°C to 2.7°C, it had a shelf-life of 2.5 months. In 
India, total plate count of 3.85 x lO*", coliform count of 6.0 x 10"* and 
mould count of 2 x 10 /^ sq inch have been reported for sheep and goat 
carcasses (Kondaiah el ai, 1986, 'b'). A higher total mesophilic 
count m mmced meat to the order of 10 to 10 organism/g , Fecal 
streptococci upto 57000/g and total colifonn up to 700 x 10 g have 
been reported by Sofos (1986). 
The single most dominant microflora for refrigerated aerobic 
stored meat is Pseudomonas (Gill, 1983) with an average level of 104 
CFU/g (Foegeding, el ai, 1983), Pseudomonas had maintained 104 
CFU/g from day 0 to 6 in beef samples. Enterobacteriaceae had also 
been reported as the refrigerated storage (Eribo and Jay, 1985; 
Gamage, el ai, 1997). Giannuzzi el. al. (1998) checked microbial flora 
at temperature of 0,4,7,9 and IO°C and the results of 
Enterobacteriaceae was 102 CFU/g to 103-105 CFU/g, LAB was 103 
CFU/g to 104-106 CFU/g and Pseudomonas was 102 to 103 CFU/g to 
104 to 107 CFU/g from day 0 to 7 by using gas permeable packaging, 
In the study of Palumbo et. ai, (1997) they used ground beef with the 
background of bacteria of 103 CFU/g and 106 CFU/g and E.coli with 
103 CFU/g. 
2.10. Nutritional quality of Meat with reference to Buffalo meat. 
The body must be nourished properly to be healthy and to stay 
healthy. Vast arrays of nutrients are needed to properly nourish our 
bodies. Many nutrients are considered essential because our body 
cannot manufacture them in great enough quantity to meet our needs. 
Meat provides an abundance of nutrients, generally at higher 
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concentrations than most other foods relative to caloric content. Most 
of the essential nutrients are present in muscle foods(Gray and 
Dugan,]975). Meat provides nutrients in a form that potentiates greater 
bioavailibility than nutrients from other food sources (Bodwell and 
Anderson, 1986). 
Meat has been an important food item in human diet since time 
immemorial . According to Yudkin (1975) the human has evolved as 
an omnivorous animal with preference for meat and fruits. With 
increased modernization and rise in the standard of living our people 
are relaxing religious and social taboos against foods like meat. Among 
Indians meat eaters are not in a minority any longer. Meat use in India 
has great cultural and social prestige, which needs to be investigated 
and popularized amongst the public. Meat is an excellent source of 
high quality protein, B-compIex vitamins and of certain minerals 
especially iron(Duston,1974). The composition of meat depends upon 
the species from which the meat was obtained, its place of nutrition, 
the specific cut used, the extent of cutting and trimming, processing, 
packaging and storage. For meats with a covering of external fat layer 
about 1 cm thick proximate composition and energy values are protein 
17%,^at 20%, moisture 62%, ash 1% and calories 250 Kcal/ 100 
gram(Monin,1998). 
2.10.1 Meat Proteins. 
Meat is a source of protein in concentrated form (Bake et al., 
1969). The biological value and the nutritional quality of the meat 
proteins is high as they are easily digested and provide all the essential 
amino acids in good balance. Essential amino acids are metabolic 
necessities that cannot be synthesized in the human body. The amino 
acid composition of meat proteins is very much similar to those of the 
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human body proteins which is not so with the plant proteins (Guyton, 
198]). Thus, muscle foods not only possess a nearly ideal amino acid 
profile but provide a significant portion of the daily requirement for 
protein in a relatively small serving (Wardlaw and Insel, 1990). 
2.10.2 Lipids. 
Meats have historically been considered high fat foods (Miller, 
1991). Meats contain large amounts of lipids such as essential fatty 
acid, cholesterol, phospholipids and fat-soluble vitamins. About 95% 
of the total lipids exist as fat, the glycerol esters of fatty 
acids(Stiles,!99l). The g[uality and the quantity of the nutrition of the 
animals ha%d significant bearing on the fat depots of animals. There 
are slight differences between external and internal fat, the former 
being less saturated than the later (Chako and Perkins, 1962; Terrel cl 
al., 1967). Although there are some quanfitative variafions in fatty acid 
distribution from animal to animal and from cut to cut within a 
carcass, the fat composition of each species is fairy constant. It is 
interesting that saturated fatty acids from less than half of the fats, 
despite the common reference to animals fats as saturated. 
Phospholipids are critical components of cell wall and help to regulate 
cell functions. These contain almost 50% poly unsaturated fatty acids 
(Hornstein el al., 1961). Major phospholipids are Lecithin and 
Cephalin. 
Lean beef, pork and lamb muscles contain 70-75 mg/ lOOg of 
Cholesterol (Tu el al., 1967), liver and brain have about 300 and 2000 
mg/ lOOg respectively. Fat also provides much of the flavour that we 
associate with food products. This is important from a nutritional stand 
point because foods must be palatable for people to eat them. Muscle 
foods have always been considered highly palatable and desirable 
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components of the diet, largely due to their flavourful fat content 
(Kraiise and Mahan, 1984). 
Lipid containing polyunsaturated fatty acids and their esters are 
readily oxidized by molecular oxygen. Such an oxidation, called 
autooxidation, proceeds by a free radical chain mechanism. Various 
free radical scavengers can contribute to chain termination in this 
process(Ledward,1985). It has been known that meat with fat 
containing unsaturated fatty acids undergoes deterioration during 
storage owing to auto oxidation of these fatty acids. Oxidative 
rancidity is a major cause of quality deterioration in raw meat during 
refrigerated and frozen storage(Walters,1975) Cooked meat 
developed rancid flavour more rapidly than uncooked meat during 
storage resulting in warmed over flavour (Abd El-Alim ct al., 1999). 
2.10.3. Carbohydrate. 
Muscle foods are low in carbohydrate. The only naturally 
occuiTing carbohydrate found in muscle food is Glycogen (Guyton, 
1981). Glycogen serves as an energy reserve in muscle tissue and is 
used especially during anaerobic metabolism. The small energy reserve 
represented by Glycogen in muscle tissue is expanded during the 
slaughtering process when the muscle cells undergo glycolytic 
metabolism due to the loss of the blood supply. Therefore, little 
glycogen remains in most muscle food products(Okonkivo and 
Obanu,1992;). 
2.10.4 Vitamins. 
Muscle foods are a fair to good source of most water soluble 
vitamins (Beitz, 1992). Vitamin B12 is exceptional because it is found 
primarily in animal products. Muscle foods are not as good source of 
fat soluble vitamins as are vegetable source (Zapsalis and Beck, 1985). 
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2.10.5 Meat Minerals. 
Muscle foods are a good source of minerals, and are known for 
its iron content. Biological availability of iron and zinc from meat is far 
superior to from other dietary sources. It has long been known that 
iron is required for survival of the human organism. It is of interest, 
given its relative abundance, that iron deficiency is the most common 
specific nutrient deficiency observed around the world 
today(Love,1986). But Calcium, Sodium, Potassium and Magnesium 
are the other minerals found in reasonable amounts in meat. Iron levels 
in kidney and spleen are substantially higher than in other muscles and 
zinc are present in meats (Watts and Merrill, 1963). Although meat is a 
poor source of Calcium, it is usually a good source of 
Phosphorus( Wilson, 1961). 
2.11 Effect of treatment on Shelf-life of Buffalo meat. 
Long ago when man began to cook his food and to live in some 
kind of shelter, he soon learned methods of storing of meat. Probably 
he first discovered the method of smoking meat by hanging it near the 
roof of his cave or tent where it slowly dried and became smoked. 
Later he found that the addition of salt to the meat prevented its 
putrefication (Jensen, 1949). 
2.11.1 Meat curing. 
Meat curing was used originally almost entirely as means of 
preserving meat during times of plenty to carry over to times of 
scarcity. Meat curing is a classical example of food preservation 
(Urbain, 1978). Curing, through the incorporation of various cure 
adjunct (ingredients) contributes to the colour and flavour that 
consumers associate with the cured meats along with increasing the 
shelf-life (Cassens, 1990). There are numerous non-meat ingredients 
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that can be used in curing the meat. The most commonly used 
ingredients inckide water, nitrite, salt, phosphate, sugar and some 
vitamins (Leistner, 1992). 
In Dry curing, the curing agents are rubbed on the surface of 
meat . For large cuts , the cure ingredients should be applied several 
times during the curing periods. The dry curing procedure is slow and 
requires or large amount of hand labour (Forrest el ai, 1975). 
Researchers have attempted to reduce the dry cure processing time to a 
minimum while attempting to improve the standardize quality (Graham 
and Blumer , 1971'a'). Nitrates has been used traditionally in dry and 
wet curing. Work by Kemp el. ai (1974,1975) has shown that intact 
meat cured either with nitrate, nitrite or a combination of these 
compounds, were similar in quality . Kemp et. ai, (1979) also reported 
that there were no differences in quality of boneless dry cured meat 
with or without nitrate. Tumbling a product has been reported to 
improve distribution of cure ingredients and to obtain a more desirable 
cured colour (Krause et. ai, 1978). In this research , the tumbling 
technique was applied to the dry-cured boneless and a "lard coating" 
technique was used to reduce internal mold growth and retard moisture 
loss during storage. Product was placed in a plastic freezer bag to keep 
the meat clean and to reduce moisture loss. 
2.11.1.1 Salt. 
It has three basic functions (i) add or enhance flavour, (ii) 
solubilise or extract proteins that are essential for improving moisture 
retention and in forming the necessary bind and texture in the finished 
product, (iii) extend the shelf-life (Barbut et. ai, 1986). The action of 
saU in the curing is to inhibit the growth of bacteria. Salt shows a 
selective action and does not inhibit the growth of all microorganism 
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(Jenson, 1949). When salt solution is brought in contact with fat, it 
actually retard oxidation (Gaddfes, 1952). Salt favours the 
development of the bright red colour (Cassens, 1990). Use of salt as a 
curing agent increases the water holding capacity (Offer and 
Trinic,1983). Salt can be both beneficial and detrimental effect on 
meat. Salt has undesirable oxidative effects on meat products, 
especially on fresh Sausages that are frozen and stored (Mc Mecking, 
1982). 
2.11.1.2 Nitrites. 
It is the most important ingredient incorporated in the 
manufacture of cured meats without which most of these products 
would not exist as they are today (Mertens and Knorr, 1992). Nitrites 
serves as a vital bacteriostatic control, the out growth of spores 
produced form Clostridium botulinum. Nitrite is involved in cured 
colour development and flavour protection(Breidenstein,1983). Nitrite 
react with myoglobin and upon heat processing, forms a heat stable 
pink cured pigment. Nitrite contributes to flavour stability (prevention 
of warmed-over flavour) by complexing with heitie iron, if free, could 
act as potent catalyst in lipid oxidation (Cassens, 1990). The 
development of proper colour during curing depends on nitrite and this 
depends on presence of certain groups of bacteria which slowly reduce 
the nitrate into nitrite (Paleari el.ai,1911). 
The nitrous acid is reduced to nitric oxide( NO), which then 
reacts with myoglobin to form nitric oxide myoglobin (Meyer, 1973). 
NO3 • NO2 (bacterial action) 
NO'2 + H^—• HNO2 
HNO2 ^ NO (reduction by compounds in meat.) 
NO +Myoglobin • NO 
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myoglobin bright red 
The tolerance toward nitrite varies widely among different 
groups of bacteria. Several explanations have been offered for the 
bacteriostatic properties of nitrite, namely (i) interference with the 
Sulphur nutrition of the organism, (ii) reaction with the a-amino 
groups of amino acids, (iii) reaction with monophenols such as tyrosin, 
and, (iv) reaction of the decomposition product nitric oxide with 
catalase and Cytochromes (Simon et.ai, 1973). The antibotulinal 
activity of nitrite may be due to its inhibition of non-heme, iron-
sulphur enzymes (Birdsall, 1977). The bacteriostatic effect of nitrite is 
dependent on pH. As pH is lowered by one unit, the bacteriostatic 
effect increases approximately 10-folds (Eisenbrand, et. ai, 1974). 
2.11.1.3 Sugar. 
It contributes to the sweet taste of the product. Sugar has the 
ability to attract water and develop the surface colour of meat through 
browning reaction. Browning is a result of the sugar reaction with the 
amino group of protein during curing process (Challis et.al.,\91S). 
Sugar not only adds a sweet flavour, detectable in cured meats, but also 
produced conditions during curing and storage that ensure the best 
colour and conserve protein(Bouton et.ai,1974). In the presence of 
many types of bacteria, sucrose is hydrolysed to glucose and fructose 
and then utilized by these organisms to fonn many different 
compo 
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manufacturers to heat process cured meats sooner by minimizing the 
time necessary for the nitrate to react with myoglobin. Sodium 
Erythorbate can be added upto 550 ppm. Sodium Ascorbate and 
Sodium Citrate also have antioxidant properties that help to maintain 
the colour and flavour of the product(Igene et.al.,\991 'a'). 
2.11.2 NitrosaiTiines in meat products. 
The conservation of meat by curing represents a very long 
established and effective method of preservation, the products having 
high consumer appeal and a very good safety record. Meat contains 
amines and amides as potential precursors to nitrosamines and 
nitrosamide in the presence of nitrite(Woolford and Cassens, 1977). 
Nitrite can also be derived from sources other than its use as food 
additives (Greenberg,1977). Of cured meat products, therefore, volatile 
nitrosamines are to be found almost consistently at low concentrations 
in fried bacon and far less frequently in most other products preserved 
with nitrite (Groenen et. al, 1976). Addition of sodium nitrite or 
Sodium nitrate or in combination with Sodium Ascorbare or Potasiiun 
Sorbate can effectively bring down nitrosamine formation and 
Clostridium hotidinum population hence " Botulism hazard" (Schmidt 
and Parrish,1971; Paquette et. al., 1980) The occurrence of 
nitrosamines in cured products, which have been shown to be 
carcinogenic to experimental animals (Jensen and Urbain,1986). In tlie 
absence of any firm data quantifying the exposure to N-nitroso 
compounds over long periods which is of concern in human 
epidemiology, it is obviously essential to restrict their occurrence to a 
minimum. However, this should not be accomplished at any loss of 
safety so far as botulism or any other hazard is concerned and thus tJie 
emphasis should be placed upon the most effective use of nitrate in 
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curing with the use of acceptable inhibitors of nitrosation such as 
Ascorbic Acid, or a-tocopherol (Gough and Walters, 1976). 
2.11.3 Use of antioxidants in curing. 
An antioxidant is defined as any substance which prolongs the 
shelf-life of a food by protecting it against deterioration caused by 
oxidation, including fat rancidity and colour changes (Mac Farlame, 
1985). 
Food lipids oxidation is considered to be a risk factors for 
human health. Some lipid oxidation products and few cholesterol 
oxides in particular, are considered atherogenic agents and appear to 
have mutagenic, carcinogenic and cytotoxic properties (Sahoo and 
Verma, 1999). Lipid oxidation is one of the primary cause of 
deterioration in the quality of meat and meat products during storage 
leading to the development of off flavour, loss of colour and texture 
and decrease in nutritive value (Buckley et. ai, 1995). 
The mechanism of oxidation of poly unsaturated fatty acids, 
production of lipid oxidation, in vivo effects of peroxidation, factors 
affecting oxidation and control of lipid oxidation (Hsieh and Kinsella , 
1989), oxidation rancidity and discolouration of meat (Watts, 1954), 
oxidative process in meat and meat products, quality implications 
(Kanner, 1994) had been overviewed. The produc^f lipid oxidation 
are responsible for unacceptable off flavours and limit the shelf-life of 
such meats. In raw meat, lipid oxidation occurs over days or weeks 
whereas in cooked meat the reaction proceeds rapidly (Tims and 
Watts, 1958; Mottram, 1987). Improving the natural antioxidant status 
of muscles by dietary means has also attracted considerable attention 
and it is established that vitamin E supplementation through diet 
increases the level of vitamin E and oxidation stability of muscles. 
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Both synthetic and natural antioxidants have been used in meat 
products to control lipid oxidation (Chastain el al., 1982). Colour of 
meat that determines meat quality depends on myoglobin, a pigment 
with several forms. Myoglobin oxidized to metmyoglobin is 
characterized by a change in pigment to a brown colour that is not 
acceptable to the consumers. There is the red to brown transition, 
which is responsible for the fading of meat (Sahoo and Verma, 1999). 
The accumulation of metmyoglobin at the surface of fresh beef 
depends on several diffusion (Brook, 1929), oxygen consumption, 
auto-oxidation of the pigment in the presence of oxygen (George and 
Startman, 1952; Brown and Mebine, 1969) and the enzymatic 
reduction of metmyoglobin (Stewart et. al., 1965; Watts et. a!., 1966). 
The rate of metmyoglobin accumulation is muscle dependent. 
Differences in colour stability between muscles are of considerable 
importance to the meat industry(Paleari et.al.,2000). Light, pH, 
temperature, bacterial contamination and lipid oxidation are known to, 
influence the oxidation of myoglobin (Lawrie, 1979)T'According to/ 
Giddings (1974), the loss of anaerobic metmyoglobin reducing activity 
i 
(mRA) in post rigor meat is due to factors such as decrease in tissue .^ 
pH, depletion of substrates and co-factors such as co-enzymes, 
oxidative deteriorate changes, decreasing enzymes activities including 
disintegration of mitochondrial particles. DPN related enzymes system 
of raw meat are able to utilize oxygen and in the absence of oxygen to 
reduce metmyoglobin (Watts et. al., 1966). There is an interaction 
between pigment and lipid oxidation. It has been found that 
development of WOF is related to the content of myoglobin in the 
muscles. Igene et. a/.(1979), found that heat treated chicken meat from 
dark muscles was more unstable towards oxidation than white muscles. 
Tappel (1962) proposed that haematin compounds catalyse the 
32 
decomposition of hydroperoxides, ineffect propagating further Hpid 
oxidation. In contrast, Sato and Hegarty (1971) concluded from model 
experiments with cooked muscle tissue that non heme iron was 
responsible for the catalytic cleavage of hydroperoxides. This is m 
agreement with the result of Konopka et. ai, (1995). Other studies, 
seems to indicate that metmyoglobin is responsible for the cleavage of 
hydroperoxide in muscle tissues. Harel and Kanner (1985) and Johns cl 
ai (1989) thus found that following heat denaturation, haemoproteins 
appear to be more effective catalyst than inorganic iron. Many 
researchers have studied the use and effect of natural and synthetic 
antioxidants in preservation of meat. 
2.11.4 Ascorbic Acid as antioxidant. 
Ascorbic Acid is strong reducing agent. It is used as a biological 
antioxidant to stabilize meat colour by way of pre slaughter injection 
in beef (Hood, 1975), exogenous addition in groimd beef (Greene et. 
ai, 1971), dip treatment of surface application of beef steaks 
( Benedict el. ai, 1975; Harbers et ai, 1981; Mitsumoto et. ai,\99\\ 
Okayama et. ai, 1987). In cured meat products such as cooked ham 
and smoked beef sausages, it reduces the requirement of nitrite, 
reduces nitrosamine fomiation (Counsell, 1971), and also reduces the 
time of processing (Pearson and Tauber, 1984). In dry fermented 
sausages Ascorbic Acid greatly enhances colour stability (Alley et ai, 
1992). Ascorbic Acid acts as an antioxidant by inhibiting radical 
formation at double bonds of mono or poly unsaturated fatty acid, 
quenching free radical scavenging oxygen and serving as a reductant 
(Cort, 1982; Cabelli and Bielsky,1983). Ascorbic Acid is a good 
antioxidant for peraoxidations initiated in the aqueous phase, but, does 
not trap peroxy radicals in the lipid phase (Doba et. ai, 1985). In non-
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aqueous media. Ascorbic Acid and esters are not good antioxidant 
(Porter, ] 980). The multiple effects of Ascorbic Acid and ascorbyl 
palmitate include (a) Hydrogen donation to regenerate the stable 
antioxidant radical, 
(b) metal inactivation to reduce the rate of initiation by metal, 
(c) Hydro peroxide reduction to produce stable alcohols by non-radical 
process, and, 
(d) oxygen scavenging (Sahoo and Verma, 1999). 
The pro-oxidant activity of vitamin C increased with ferric 
(Fe +++) ion concentration. Vitamin C incorporation maintained good 
colour in ground beef upto 5 days refrigeration display (Greene et. a/., 
1971; Shivas el. ai, 1984). The colour stability of Sodium Ascorbate 
treated fresh beef muscles held at 5°C was significantly better than the 
control samples (Hood, 1975). A comparative study between Sodium 
Ascorbate and Sodium Erythorbate for the technological properties 
and processes of cooked cured pork loin was made. Residual Ascorbate 
or Erythorbate concentration, nitrate and nitrite concentration, colour 
properties and sensory qualities were assessed at fixed intervals during 
storage. No significant differences were observed between samples 
made with Ascorbate and those made with Erythorbate (Blunk, 1993). 
Ground buffalo meat contaming 500 ppm Sodium "Ascorbate had' 
significantly higher colour score, Lovibond Tintometer red colour units 
and lower metmyoglobin content as compared to other levels of 
Sodium Ascorbate. The metmyoglobin was positively correlated with 
TEARS number (Sahoo and Anjaneyulu, 1996, 1997 'a'). Addition of 
reducing agents i.e. Ascorbic Acid and their salts improved color 
stability and extend storage shelf-life of the meat products (Ladikos 
and Longovois, 1990). Ascorbic Acid treatment showed inhibition of 
lipid oxidation in beef streaks stored in a cold room at 4° C for 13 
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days (Okayama et a/., 1987). On the other hand, Benedict ei a/., 
(1975), reported that 50 ppm Vitamin C addition to ground beef caused 
greater TBA value than control. Exogenous addition of Ascorbate 
delayed lipid oxidation in ground beef (Shivas el. al., 1984; Greene el. 
ai, 1971). Vitamin C treatment showed high lipid stability in ground 
beef, recording TBA value of 1.52 as compared to control samples 
(4.0) during display at 4°C for 7 days (Mitsumoto el.al.,\99VV). In 
addition to colour stabiHzation and lowering nitrate levels, Ascorbic 
Acid can reduce cooking losses in both fat free and fat containing meat 
products (Reichest, 1994). Ground buffalo meat compared to other 
levels of Sodium Ascorbate (Sahoo and Anjaneyulu, 1997 'a'). 
Addition of Sodium Ascorbate to brine was shown to suppress 
N-nitrosodimethylamine (NOMA) from added DMA in experimental 
curing of pork middles. NDMA is formed due to canning or freezing of 
the cured meats. However, lowest amounts of NDMA were found in 
the bacon cured in the presence of Ascorbate (Carrol et.al. ,1978). 
Ascorbate addition proved beneficial in cured meat products, as it 
helped to reduce nitrite contents to less than 50% and the residual 
nitrite could be maintained at a lower level. Use of Sodium Ascorbate 
proved to be superior to Sodium Erythorbate (Counsell, 1971). Many 
workers studied the heat stability of Ascorbic Acid in the food during 
cooking. It was observed that ascorbic acid oxidized faster in utensil 
made up of standard aluminium than enameled cast iron or standard 
aluminium coated with aluminium (Evenshtein, 1971). Ubertalle and 
Faccini (1971) had reported that the salami type sausages, made from 
74% lean pork and 26%) fat, ripened for 45-90 days different 
temperature and ventilation conditions, the aroma and taste of sausages 
containing 25 mg NaNG-, and lOOmg Ascorbic Acid were found 
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superior to those of sausages made with 250iTig Sodium Nitrate and 
150 mg Sodium Nitrite / kg. 
No significant effect was observed on the microbiological 
(aerobic mesophiles count, psychotrophic plate counts) quality of 
ground buffalo meat treated with Sodium Ascorbate at different levels 
(Sahoo, 1995). Shivas el a/., (1984) and Greene eLa/., (1971) also 
reported that microbial numbers were not different for Ascorbic Acid 
treatments in ground beef Ascorbic acid did not appear to inhibit 
bacterial spoilage of beef (Sahoo and Verma, 1990). 
Curing combined with Sodium Ascorbate have many positive 
effects on meat quality. It was found that there was improvement in 
pH, colour, texture and odour of meat samples. Though it did not show 
significant effects on microbial population initially but a marked effect 
s «^ 
of Sodium Ascorbate was observed during the later period of storage. 
Antioxidant property of Sodium Ascorbate effectively prevented lipid 
rancidity which otherwise would have led to the conversion of fat into 
simpler compounds rendering meat more prone to microbial 
growth(Desrosier and Tressler, 1997). Cured and Sodium Ascorbatev 
treated samples had more shelf-life as compared to simply cured meat ^  
(Anzar, 2000). Prolonging the storage life of fresh meat is a very 
important consideration for both consumers and meat packers. The 
shelf-life of fresh meat can be prolonged by limiting the extend of 
discolouration, lipid oxidation and microbiological contamination 
(Okayama et. al., \9S1). Greene et. ai, (1971) have already reported 
that Ascorbic Acid plus propyl gallate or butylated hydroxyanisole 
effectively retards both pigment and lipid oxidation in ground beef 
Govindarajan et. ai, (1977) showed that Ascorbic Acid had no effect 
on the initial slow oxidation of myoglobin, but extended the time 
before initiation of rapid oxidation in ground beef. 
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2.11.5 Tocopherol as an antioxidant. 
Chang^^nd Watt (1949) reported that Ascorbic Acid markeSly 
retarded rancidity in the presence of hemoglobin or nitrosohemoglobin 
and amounts of Tocopherol in artificial aqueous fat system. Tappel et. 
ai, (1961) studied the inhibition by Tocopherol of lipid peroxidation 
catalyzed by hematin compounds and demonstrated that synergism 
with Ascorbate greatly enhanced the oxidation activity of Tocopherol 
in animal tissues. Tocopherol as an antioxidant had received much 
attention for its ability to maintain meat colour, extend shelf-life, 
improve taste, reduce drip loss and offer health benefits (Armstrong, 
1993).Oxymyoglobin and lipid oxidation were examined in low and 
high Vit. E (a-tocopherol) bovine M. longissimus thoracis et 
lumborum (LD) homogenates and in subcellular fractions of LD. 
Investigations of the effect of temperature (4,22,37°C) and pH 
(5.5,6.4,7.2) on lipid and oxymyoglobin oxidation indicated that 
oximyoglobin oxidation increased with increasing temperature and was 
higher at the low pH. Lipid oxidation increased with temperature only 
at pH 5.5. The inclusion of 45JLIM FeCyAscorbate (1:1) at pH 5.5 and 
4°C, led to significant increase in lipid oxidation but oxymyoglobin 
oxidation occurred only when the extent of lipid oxidation exceeded a 
threshold level. Oxymyoglobin and lipid oxidation were significantly 
lower in LD fractions derived from high Vitamin E muscle compared 
to low Vitamin E muscle, a-tocopherol did not interact directly with 
oxymyoglobin to suppress its oxidation but positive unit affects the 
muscles a-tocopherol on metmyoglobin reductase activity was 
observed (O'grady et ai, 2001). Sahoo and Aiijaneyulu (1997) 
reported that the shelf-life of ground buffalo meat treated with 10 ppm 
a-tocopherol acetate could be extended to 8 days in refrigerated 
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storage conditions, without any undesirable changes in colour, odour or 
microbial load, whereas, the control sample could be kept up to 5 days 
only. Reduced heart attack risks in uses of Tocopherol supplements 
(Stampfer et. a/., 1993; Rimm et. al.,1993) and reducing susceptibility 
of food lipoprotein to oxidation (Jailal and Grundy, 1992) had 
encouraged many food scientists to have concerted research efforts in 
the area of Tocopherol supplementation either through diet of meat 
animals or by exogenous addition or by directly adding to the muscle 
foods for increasing lipid stability storage and improving flavour and 
taste of meat products. Tocopherol is very widely used in restructured 
meat products. In the processed meats such as cooked rabbit meat 
(Castellini cL a/., 1988), minced beef (Fonnanek et. al., 1988), pork 
chops (Asghar el. al., 1991), ground buffalo meat and buffalo meat 
nuggets (Sahoo, 1995). a-Tocopherol Acetate i.e. Vitamin E had been 
used successfully to enhance product quality and to extend shelf-life 
during storage condition (Sahoo and Verma, 1999). a-Tocopherol 
Acetate is associated with biomembranes and protects them by 
neutralizing oxidative induced free radicals (Buttrish and Diplock, 
1988). It acts as an antioxidant by donating a hydrogen atom to a free 
radical (Tappel, 1962). A logical hypothesis is that a-TocopheroI 
quenches free radical originating from lipid oxidation and in turn, 
protects oxymyoglobin oxidation. Tocopherol behaves as a chain 
breaking anti-oxidant by competing with the substrate for the chain 
carrying peroxy radical, normally present in the highest concentration 
in the meat system (Frankel,I996). The mixture of a-Tocopherol and 
Ascorbic Acid exhibiting a strong synergistic effect was well 
recognized (Uri, 1961; Tappel et. al., 1961). Pigment as well as the 
lipid oxidation was inhibited by combined treatment of Tocopherol and 
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Ascorbate in oxymyoglobin liposome model (Yin el. a/., 1993) and in 
ground beef (Mitsumoto et. al., 1991 'b'). Ascorbate alone enhanced 
lipid oxygen radical propagation but its pro-oxidant effects was 
reversed when Tocopherol was incorporated (Liebler et. al., 1986). 10 
ppm Vitamin E + 500 ppm Vitamin C showed the strongest synergism 
to inhibit pigment and lipid oxidation of beef (Mitsumato et. a/., 1991, 
'b'). Use of natural antioxidant and vacuum packaging extended shelf-
life of Buffalo meat nuggets from .10 to 30 days under refrigerated 
storage (Sahoo and Anjaneyulu, §997 'd^). Lipid oxidation, particularly 
oxidation of phospholipids limits the keeping quality of the meat and 
meat products during storage, especially of pre-cooked meats due to 
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the development of unacceptable warmed over flavour (WOF) by auto 
oxidation process. The meat containing more myoglobin is more prone 
to such oxidative changes, because the oxidized meat pigment is the 
more potent catalyst than inorganic iron for the initiation reaction of 
the auto oxidation process. 
2.11.6 Use ofTactic Acid as an antioxidant, and antimicrobial. 
Meat traditionally sold at tropical open air market (local market) 
in third world countries especially in India also, is freshly killed, hot 
meat. Meat is sold from early morning until evening each day. The 
product is placed on a table exposing it to environment temperature 
and it is not refrigerated. This condition encourages a high level of 
microbial contamination. Surve et. al., (1991) reported a number of 
organic acid are being used to decrease microorganisms on meat 
surface. 
Woolthuis and Smulders (1985) reported that lactic acid is 
widely used as a sanitizer. Consumer trends would prefer a safer 
product without unusual chemical preservatives. 
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Lactic acid and trisodium phosphate were evaluated or the 
ability to reduce Escherichia coli and aerobic plate counts on lamb 
breasts that were inoculated with a lamb fecal paste. A 90-second 
water rinse was applied followed by either 2% lactic acid spray, 12% 
trisodium phosphate dip or a combined treatment of both lactic acid 
and trisodium phosphate treatments. Lactic acid reduced E. coli^  and 
aerobic plate counts by 1.6 log m /cm and trisodium phosphate 
caused 1 .S-logn/cm^ reduction in E. coli and a 0.7-logi()/cm^ reduction 
in aerobic plate counts. Lactic acid and trisodium phosphate, used 
alone or in combination, were effective in reducing numbers of E. coli 
and could be useful as pathogens intervention steps in animal slaughter 
processing. (Ramirezes/, ai, 2001). 
Decontamination of meat carcasses with organic acids is gaining 
importance in recent years (Dickson and Anderson, 1992). Lactic acid, 
being a natural constituent of many foods, is often used for controlling 
the microbial growth and extending the shelf-life of foods (Smulders 
et. ai, 1986; Singh et. ai, 1989)7^The bactericidal effects of lactic acids 
were assessed on artificially inoculated beef (Gordon and Bryan, 
1992). Since ancient times it has been known that spices prolong the 
shelf-life of certain foods, and it is now recognized that this 
antioxidant activity is due to mainly to phenolic compounds present in 
the plants. Application of antioxidants is one of the technically 
simplest ways of reducing fat oxidation. Recently, however, a certain 
reluctance has been observed to use synthetic additives including 
antioxidants for food products. At the same time natural substances are 
becoming more and more popular (Al-Jalay, el. ai, 1987). Spices are 
generally used in foods as flavouring agent and many of these had 
been found to have some antimicrobial activity (Davidson el. ai, 
1983). Ginger rhizome had been shown to have anti oxidant property 
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and it also contain powerful proteolytic enzyme, which can be useful in 
tenderizing tough meat (Lee et. al., 1986). Lactic acid and Sodium 
Chloride solution were shown to posses anti microbial property against 
some of the spoilage and pathogenic bacteria of meat ( Ziauddin el. 
al., 1993). 
2.11.7 Polyphosphate as an antioxidant. 
The use of polyphosphate (PP) in meat and meat products ot 
beef, pork and chicken has been increasing due to their beneficial 
effect in improving the functionality of meat and the palatability and 
storage of meat products. Food grade polyphosphates or their blends 
are incorporated in the formulations of meat curing brines, sausages 
and restructured meat products to enhance their quality in respect of 
water holding capacity (Hamm, 1960), meat particle-particle binding 
(Trout and Schmidt, 1984), emulsion stability (Knipe et. al.,\9S5), 
yield (Molins et. a/.,1987), color, flavour and texture etc. and to inhibit 
oxidative rancidity (Vollmer and Melton, 1981; Smith e(. al., 1984; 
Young et. al., 1987). Kondaiah et. a/.,(1985) reported the desirable 
effects of salt and polyphosphate on functional properties of buffalo 
meat. 
All phosphates exhibit chemical structure in which each 
phosphorus atom is more or less tetrahedrally surrounded by four 
oxygen atoms. If they are shared in such a way so as to form P-O-P 
bonds, the resulting compounds are called condensed phosphates. 
Polyphosphate, though the term has been loosely applied to refer to a 
variety of phosphates that have been accepted as ingredients of foods, 
are the unbranched chain and unbranched ring structured condensed 
phosphates having generic formula Mn+iPnOsn+i , M= Metal ion, when 
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n= 1, the resulting compound is orthophosphate Na2P04, when n=2, it 
corresponds to pyrophosphate Na4P207, when n=3, it corresponds to 
trypoly phosphate Nas Pq Oio (Hamm and Gram J 955). 
The Polymerization of polyphosphate can be expressed by the 
ratio of Na20 : P2O5 . The ratio being 2:1 for pyrophosphate, 5:3 for 
tripolyphosphate and 1:1 for hexametaphosphate (NaPOs)^ , . 
Polyphosphates are added to the cure to increase the water binding 
capacity and thereby the yield of finished product. The action of 
polyphosphates in improving water retention appears to be two fold, 
first raising the pH and second causing an unfolding of the muscle 
proteins, thereby making more site available for water bmding. Water 
holding capacity means the ability of meat to hold water to its own or 
added water during application of any force (pressmg, heating, 
grinding etc.). The main influence of polyphosphate addition in meat 
is improvement in its water holding capacity (WHC) ( hydration). 
This effect is mainly due to following three factors, change in pH, 
increase in ionic strength and certain specific effects of phosphates 
(Bendall, 1954). Many researches have reported that polyphosphates 
increase the pH of meat. Sodium Hexa Meta Phosphate (SHMP) which 
caused greatest increase in pH also gives greatest WHC of meat 
(Shults el .at., 1972). Increasing the phosphate concentration in chilled 
water used for chilling carcasses has been reported to cause a 
corresponding increase in pH of meat (Froning and Sackell, 1985). The 
increase in water holding capacity (WHC) of meats caused by 
polyphosphates is attributed to ionic strength by many workers. 
There are many evidence to show that polyphosphates have 
specific effect on meat microstructure responsible for the increase in 
meat hydration. Hamm (1960) suggested that the action of 
polyphosphates is due to elimination of alkaline earth ions in muscles. 
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The effects of adding polyphosphates in salted meats are additive or 
synergistic. The reason for specific effect of polyphosphate on salted 
meats could be a direct union of polyphosphates anions by myofibrillar 
proteins. The natural actomyosin is bound by polyphosphate in the 
presence of NaCl also (Barbut et. ai, 1986). 
Another factor contributing toward increase in WHC due to salt 
are increase in ionic strength of myofibrillar system (Bendall, 1954). 
Most of the studies on the effect of polyphosphates on meat have been 
done on pork and poultry and few on beef, but very few literature is 
available on mutton (intact or minced). The alkaline phosphate 
increase the water binding capacity (WBC) as well as the fat 
emulsifying capacity (EC) of the myofibrillar proteins. The increase in 
EC is the result of polyphosphate solubilising and dissociating 
actomyosin into actin and myocin, which in their dissociated form can 
emulsify more fat (Pearson and Tauber, 1984). 
Pyro-, tripoly- and hexametaphosphates have effective anti 
oxidant effect (Tims and Watts, 1958). The phosphate provide 
protection against development of oxidative rancidity in cooked meat 
at concentrafions as low as 0.01-0.05% (Watts, 1962). Sodium 
Chloride acts as a pro oxidant in processed meat products by 
accelerating oxidative reactions of unsaturated lipids causing increased 
rancidity (Gray, 1978). Use of polyphosphates decreased off flavour 
and rancidity development in many meat products and pro-oxidant 
effect of NaCl was marked by the anti-oxidant properties of' 
polyphosphate (Sato and Hegarty, 1971; Lankey et.ai, 1986; Huffman 
et. ai, 1987). However, Schwarts and Mandigo (1976) reported 
synergistic effect between NaCl and SHMP in retarding oxidative 
rancidity and enhancing sensory traits of restructured pork. 
Polyphosphates offer protection against browning during storage and 
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acts synergistically with ascorbates to protect against rancidity in cured 
meat (Forrest et. al., 1975). The SfiMP and STPP had also protected 
myoglobin from oxidation both initially and over storage time (Chu et. 
al, 1987). 
Studies on foods and microbial media indicated that some 
polyphosphate such as SAPP, SATP and SHMP or blend of phosphates 
under certain conditions may have potential value for improving 
microbial or botulinal safety and stability of certain meat products 
(Madril and Sofos, 1986; Wagner, 1986). Microbial growth was 
delayed and short shelf-life of low salt (2-3%) meat products were 
extended with 0.5% SAPP in the formulation which was due to 
declining pH and presence of phosphates ion (Madril and Sofos, 1986). 
Some studies have shown that polyphosphates did not retard growth of 
micro-organisms (Ockerman and Dowiercial, 1980). Microbial growth 
and products spoilage were more rapid with decreasing brine level 
irrespective of presence of 0.36%) STPP in comminuted meat products 
durmg storage at 20T (Sahoo,1995). Further STPP, SAPP and SHMP 
have no significant inhibitory effects on mesophilic and psychotropic 
organism and on S. aureus on uncooked meat during storage at 5° C 
but SAPP addition consistently lowered aerobic county (Gram, 1993; 
Farber and Idziak, 1984). 
Rao (1978) reported that minced prepared m lab under hygienic 
conditions had total mesophilic count (log/g) 2.2-4.5, coliform 0-1.0 
and staphylococci 1.8-3.0, while market meat samples had total 
mesophilic count of 5.0- 8.0, cohform 5.0-5.5 and staphylococci count 
5.0- 6.5 . Padda et. al, (1986) reported that though intact mutton had 
only 2-4.8 x 10^  total count / sq. cm, it rose to 5.1 to 8.8 x lO'^  /g when 
mincQd. The anti microbial effects of polyphosphates have been known 
since 1864. (Matlock et. al., 1984,). This action is due to the complex 
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formation by polyphosphates with bivalent metals essential to the 
microbial cell specially Mg^ and Ca^. This interferences with cell 
division reduces the stability of cell wall. Surve et. ai, (1990) has 
suggested that the mode of anti microbial action of polyphosphate is 
through inhibition of spore germination. This anti microbial effect has 
also been attributed to higher pH caused due to these compounds 
(Steinhauer, 1983). Gram-positive bacteria are more sensitive to 
polyphosphate than Gram-negative bacteria (Poste el. ai, 1986). 
Inorganic phosphates pose little heahh hazard to humans. However, 
Anderson el. ai, (1990) reported both short term (abdominal distress 
and diarrhoea) and long term (increase calcium mobilization) possible 
health problem if used at the maximum pennissible level of 0.5%. 
Polyphosphate at high concentrations may adversely affect meat* 
texture (rubberly, flavour, metallic, astringent and soapy). Potential' 
problems associated with high salt content in the processed meat 
products may be minimized by optimizing the salt level and phosphate 
concentration without acceptability of the product. Since SHMP is 
more effective anti microbial agent compared to other polyphosphate, 
it seems beneficial to include SHMP in phosphate blends to improve 
specific product functionality as well as io confer microbial stability to 
meat products. 
Polyphosphate treatmerfts^f meat has .been reported to improve 
the sensory attributes as tenderness, juiciness and flavour acceptability 
etc. Improvement of various sensory attributes of pork products due to ^ 
polyphosphate have been reported by many worker (Barbut el. aL,\ 
1986; Brotsky and Everson, 1973; Dransfiejd £r. ai, 1984)'^he last v 
group of workers reported a soapy or metallic flavour in polyphosphate^, 
injected pork due to which the scoring was less. Huffman el. ai, 
(1984) reported a salt polyphosphate synergistic effect on sensory 
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attributes. Improved sensory characteristic colour of bologna sausages 
due to polyphosphatefehavelbeeif reported by Swift and Ellis (1957). 
Improvement in binding strength of various meat products as beef rolls 
and poultry waves has also been reported by (Pepper and"! 
Schmidt, 1975). Polyphosphate addition to meats reduces drip and thaw 
loss and moisture loss during storage (Jones el. ai, 1986). Since 
polyphosphates improve water retention and cooking yield, the 
moisture content of cooked meat is increased 67.4% vs 61.2% of 
corvespondmg control (Fronning, 1965). \JSQ of poJyphsophate in 
Indian meat products will go a long way in improving their qualitv 
particularly in the utilization of low quality tough meats. 
2.11.8 Smoking of Meat. 
It seems probable that nomadic humans first discovered the 
preservative action and the desirable flavour imparted to meat that was 
hung near their fires. Regardless of its origin, smoking, like curing of 
meat has been practiced since the beginning of recorded history. 
Curing and smoking of meat are closely interrelated and are often 
practiced together, that is, cured meat is commonly smoked (Pearson 
and Gillet, 1997; Wisstreich, 1977). 
The primary purposes of smoking meat are, 
(i) development of aroma and flavour, 
(ii) preservation, 
(iii) creation of new products, 
(iv) development of color, 
(v) formation of a protective skin on emulsion-type sausages, 
and, 
(vi) protection from oxidation. 
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The chemical components most commonly found in wood 
smoke include phenols, organic acids, alcohol, carbonyls, 
hydrocarbons, and some gaseous components, such as carbon dioxide 
(CO2), carbon monoxideVcO), oxygeiw02), nitrogen (N2) and nitrogen 
oxide (NO2) (Porter et. ai, 1965). Phenols appear to play a three fold 
role m the smoking of meats and other foods as (i) they act as 
antioxidant, (ii) they contribute to the colour and flavour of smoked 
products, and, (iii) they have a bacteriostatic effect that contribute to 
preservation. The role of phenols in preventing oxidative changes in 
smoked meat is most important. The antioxidant activity of smoke is 
one of its most important attributes in smoke are due to the phenols 
with high boiling point especially 2, 6-dimethoxyphenol, 2-6, 
dimethoxy-4- methylphenol and 2,6 dimethoxy 4-etheylphenol (Gill, 
1986). Colour and flavour are the important sensory attributes to the 
desirability of smoked meats. Colour development is caused by the 
interaction of the carbonyls in the vapour phase of the smoke with 
amino groups on the surface of the foods. Phenols also contribute to 
the colour development. Colour formation is due to the Maillard 
reaction (Howard et. ai, 1966). Colour fonnation is directly related to 
the smoke concentration, temperature and the moisture content at the 
surface of the products, with 12-15% of moisture at the exterior 
surface of meat resulting in maximum colour development. The 
desired flavour of smoked meats is primarily due to the phenolic 
compounds in the vapour phase. The bactericidal action of smoking 
is due to the combined effects of heating, drying and the chemical 
components in the smoke. Smoke components such as acetic acid, 
fonnaldehyde and creosole prevent microbial growth. The phenols are 
known to posses strong bacteriostatic activity. The high boiling point 
phenols have the highest bactericidal activity. The bacteriostatic effect 
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is primarily on the surface, since the amount of smoke penetration is 
limited. A wide variety of alcohols are also found m wood smoke due 
to the destructive distillation of wood. Alcohol exert minor bactericidal 
effects on meat. Organic acids have little influence on the aroma and 
flavour of smoked meat. They have only a preservation effect. The 
gaseous components in smoke that is probably of the greatest 
significance is nitrous oxide, which has been linked to formation of 
nitrosoamines and nitrites in smoked meats(Schwartzberg, 1,926) 
Smoking can cause some destruction of thiamine, but has little 
effect on niacin and riboflavinT^he antioxidant properties of wood 
smoke should help stabilize the fat soluble vitamins and would also be 
expected to prevent surface oxidation of smoked meat products. 
The various smoke ingredients differ in their value. Those of the 
phenol fi-action hinder the fat oxidant processes and improve its 
flavour. Dry wood of deciduous trees (beech, oak, aldar, maple and 
neem) is used for smoking. The smoke time depends on the type and 
different aspect of the products exclusively the storage periods. 
Researchers have reported smoking time and temperatures different for 
different products, as for hams, it is 18-35°C for 3-5 days, for bacon 
30-45°C for 2-14 days. Optimal humidity in the smoke chamber is 30-
40%. Higher humidity (70-80%) hamper dehydration and cause quick 
coagulation of the smoke on the surface of the meat. 
As soon as the smoke is generated, numerous reactions and 
condensations occur. Aldehydes and phenols condense to form resins, 
which represent about 50% of the smoke components and are believed 
to provide most of the colour in smoked meats. Various biological 
characteristics influencing the quality of fanned Salmon and^moked 
muscles were studied (Gomez-Guillen et. ai, 2000). 
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Smoked meats are high calorie products of good eating 
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properties and deHcate juicy texture. The gloss formed on the surface 
of smoked meats is the result of two effects. Resins formed in smokes 
from the reaction of aldehydes particularly formaldehyde and phenols 
are deposited on the surface of the meat. Smoking produces a glossy 
finish on meat. Wlien cured meat is smoked, the color brightens and 
becomes more stable. In India, the flavour called smoky or 
"Sondhapan" which is being found in smoked food is appreciated. 
Okonkive et. al., (1992) have also reported effects of smoking on beef 
samples. They observed that smoking caused increased darkening and 
hardness. Total viable aerobes, coliform and fungi were below the 
levels of detection while TBA value were low and all samples 
possessed no detectable rancidity. They, however, found the smoking 
led to a slight loss of some of the protein components due to 
denaturation. Smoking of cured meat improves its keeping properties 
further, as well as imparting an appetizing colour and flavour. 
2,12 Refrigerated and Frozen Storage of Meat. 
Our rural ancestors, before the advent of electricity and modern 
reirigeration have for centuries developed different methods of 
preserving the meat they obtained by hunting or from growing 
domesticated animals and fowls. The methods utlilized for preservation 
include drying, smoking, sausage making, saltings and, in northern 
region , using ice and cold temperatures. According to Stewart and 
Amerine (1973), canning of meat was developed about 1795 by 
Nicholas Appert for preserving for the French Army. These 
preservation methods are the forerunners of today's modern 
processing, packaging and refrigerated storage methods, which make it 
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possible to have the meat of many species available to consumers the 
year around in any climate. 
The primary purpose of food preservation is to prevent food from 
spoilage. Whether food spoilage is mild or extreme, the primary cause 
is the action of microorganism, bacteria, moulds or yeasts aided by 
enzyme (Dessonki et. a/., 1981). The modem meat industry is based on 
efficient refrigeration. Carcasses of freshly slaughtered animals have 
surfaces that are both warm and wet and thus provide a perfect 
substrate for the growth of pathogenic and spoilage organism (Cortesi 
and Vaccaro, 1981). The combination of low temperatures and surface 
drying inhibits the growth of spoilage bacteria. To provide a long, safe, 
high quality shelf-life, the temperature of meat needs to be kept at a 
temperature close to its initial freezing point. Combination of high 
standard of hygiene and packaging with a refrigerated temperature 
during storage, transport and display can routinely extend shelf-life 
(Anon and Calvelo, 1980). If longer periods are required, then 
freezing the meat will extend the storage periods into years. Scientific 
studies show that freezing has little effect on the eating quality of 
meat. Overall the studies indicated that the meat may be slightly more 
tender after freezing. Freezing does increase the ultimate amount of 
drip from meat and this makes the meat less attractive (Miller et. al., 
1980). The preservative action of refrigeration is based on the 
prevention of multiplication of hamiful bacteria, yeasts and moulds by 
the artificial lowering of the temperature. The failure of bacteria to 
grow at or below freezing depends mainly on the removal of the 
available water as ice, about 70% is removed at -3.5°C and 94% at 
-10°C. A further factor is the inhibition of the life processes of 
spoilage organisms at low temperature though the actual lethal effect 
is small. At a temperature of -8°C the multiplication of all 
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microorganisms stop and only resumes when the temperature is raised 
later to a suitable level. Neither fast (cryogenic) nor slow (blast) 
freezing completely destroys the bacteria commonly found in 
carcasses. Frozen meat which is thawed, yields and abundant supply 
of water and forms an excellent medium of bacterial growth. In 
addition, the pH of muscle, which remains constant while the meat is 
frozen, falls rapidly after thawing, but then again rises rapidly to create 
an environment which favours bacterial multiplication (Ockerman and 
Organisciak, 1979). 
The surface growth of mould on meat is controlled not only by 
the temperature but by the relative humidity of the atmosphere. Some 
moulds are capable of growing on the surface of meat at several 
degrees below freezing point, but they require the presence of water in 
the surrounding atmospheres as otherwise they loose water by 
evaporation and wither (Singh and Wang, 1977). Chilling scarcely 
affects the flavour, appearance and nutritional value of meat and is 
particularly useful for short- term preserving. The meat is maintained 
at about ±1 °C preferably in the dark, for light accelerates the oxidation 
of fat with the liberation of free fatty acids and the production of 
rancidity (Reid, 1987). In quick chilling, meat is said to have better 
keeping quality because lower air temperatures retard the rate of 
growth of bacteria on the surface of carcasses where their 
concentration is most pronounced. Shrinkage of meat is reduced 
substantially, through quick chilling, which is an important economic 
factor. The bloom is said to be enhanced by quick chilling. Quick 
chilling refers to a rapid lowering of carcass temperature starting not 
later than 1 hour after slaughter. 
Toughness of meat i.e. ''Cold shortening" occurs owing to 
extreme contraction of muscles subjected to temperature around 10°C 
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before the muscles were in normal rigor i.e. while the pH is still above 
6.2 and adenosine triphosphate (ATP) is still present. Cold shortening 
can also occur with even part of the carcass e.g. the loin, with fairly 
slow chilling e.g. 10-12 hrs when the pH will be below 6.2 and rigor 
will have taken place with the complete disappearance of ATP from 
the muscle, or not chilling to below 10°C in less than 10 h. Cold 
shortening can also be prevented by the use of electrical stimulation, 
which advances the onset of rigor (Oscroft et. a/., 1987). 
The changes in free fatty acid amount and composition and in 
Thiobarbituric acid reactive substances (TBARS) were simultaneously 
determined in chicken breast and thigh muscles at intervals between 1 
and 14 days of storage at 4°C.The rates of lipid hydrolysis were fast in 
the first 3 day and then slowed until day 14. Phospholipids showed the 
same pattern but hydrolysis of triacylglycerols was linear at least in 
thigh muscles . Oxidation increased linearly during storage. Thigh 
muscles contained 3 times more free fatty acids than breast muscles 
and 2 to 4 times less TBARS suggesting that lipolysis did not favour 
lipid oxidation although both increased concomitantly. (Alasnier et. a/., 
2000). 
Although tissues of live animals may be sterile, meat becomes 
contaminated with a variety of microorganisms during slaughtering 
and subsequent handling. As a consequence, meat must be cooled 
rapidly to approximately 0°C. During storage at temperature near 0°C 
spoilage of meat is likely to be superficial unless it has been treated to 
distribute surface bacteria throughout the mass. If surface drying 
occurs during refrigerated storage, growth of bacteria will be 
minimized but certain moulds, primarily in the genera Thanmidium, 
Cladosporium and Sporotichum may grow (Broughall and Brown, 
1984). In contrast, if the surface remains moist during chilling storage, 
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a superficial slime of gram negative bacteria will form. These 
organisms are mainly in the genera Pseudomonas and Achromobacler, 
although this designation presently is not entirely correct (Kilsby and 
Pugh, 1981). As with many other foods, the microbial flora of meats is 
altered by the freezing process. The principal bacteria in meats are 
gram negative in character. Contamination is generally higher in 
ground meats than in intact cuts of meat. Freezing reduces the number 
of viable bacteria in meats and the thawed product is a suitable 
substrate for their growth (Ward and Baj, 1988). The textural 
attributes, juiciness and tenderness of cooked meat are related to the 
ultra structural and chemical characteristics of the uncooked meat. 
Diminution of water-holding capacity will lead to excessive exudation 
of fluid prior to and during cooking. Tenderness of cooked muscle is a 
reflection of the arrangement interaction and physical characteristics of 
fibres and fibrils (Morley, 1986). Frozen foods are very close to and 
sometimes better than the available fresh counterparts. From a sensory 
as well as from a nutritional point of view, the quality is generally 
higher than for any other preserved product. The need for longer shelf-
life and improved taste and quality have given rise to the modern food 
freezing industry. Artificial freezing of food stuffs started in the second 
half of the 19"^  century. One of the first shipments of frozen carcasses 
of meat veal and mutton was carried in good condition all the way 
from Buenos Aires to Rouen, France by the vessel Frigorifigue (HR, 
1986). 
Post mortem changes of sardine muscle during 15 days storage 
at 0 °C were studied to evaluate its quality and functionality. No 
microbial deterioration was detected since trimethylamine and 
histamine concentration remained low with final values of 1.62 
mg/100 g and 0.00018 ppm, respectively. A final proteolytic activity 
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20 fig Tyrosine /min/g protein was detected. Lipid oxidation from 
moderate to advanced was detected after day 5 with values of 31.8 to 
33.9 mg/kg and 26 mg /kg for peroxide value and thiobarbutaric acid 
value respectively. Muscle protein showed no gel forming ability. 
Extraction of myofibrillar protein decreased 45% and 81% at day 5 
and 15 respectively. Overall results indicated that good quality was 
maintained during the storage period with a final K value of 50.7% 
when proper handling practices were implemented. (Pacheco-Aguilar 
et. a/., 2000). 
All food preservation methods especially refrigerated or frozen 
storage are directed to inhibit or decrease the rate of the various 
reactions responsible for food deterioration. All of these reactions are 
among other factors influenced by the temperature. The rate of the 
juiciness is dependent on the water holding capacity of the uncooked 
meat reactions will decrease at lower temperature. Cooling and chilled 
storage, therefore, are well proven ways to enhance the storage life of 
most food products. Studies of effect of refrigerated and frozen 
storage on tenderness of animals muscle have led to conflicting results. 
Some investigators have reported that post rigor muscles of poultry, 
beef lamb and fish decrease in tenderness during frozen storage (Miles, 
1974). Some investigators have found tenderness to increase or remain 
unchanged during frozen storage. Temperature of frozen storage is a 
major factor influencing the rate of textural deterioration. As the frozen 
storage temperature is lowered, the rate of tenderness loss is decreased 
(Tsuchiya et. al., 1975). The major chemical alterations of lipids in 
frozen muscle are auto oxidation and hydrolysis. The development of 
oxidative rancidity in frozen stored muscle is caused by the 
accumulation of carbonyl compound formed during auto-oxidation of 
muscle lipid. Changes in the pH of meat during refrigerated and frozen 
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storage may contribute to myofibrillar protein alteration. Changes in 
the pH of muscles during frozen storage are dependent on storage 
temperature, salt composition, physiological state, buffering capacity 
of protein and enzyme action. The pH changes taking place during 
frozen storage regardless of the temperature, it is unlikely that quality 
deterioration of these food products can be attributed to changes in pH 
alone (Miles, 1974). It is known that the faster the rate of breakdown of 
ATP in muscle the more rapid is the onset of rigor mortis and the 
greater the release of fluid from the muscles. Frozen meat stored to 
long becomes dry, rancid and less palatable, the most important change 
being the breaking down of the fat into glycerin and free fatty acids, 
with the production of rancidity. The better the quality of meat the less 
trouble one encounters in its storage. The storage temperature, the 
degree of fluctuation in the storage and the type of wrapping or 
packaging in which the meat is stored are generally thought to have the 
main influence on frozen storage life. Some bacteria are destroyed by 
freezing, but low temperatures merely inhibit the growth and 
multiplication of most until conditions favourable to their growth 
appear. Freezing is therefore no great value in rendering a carcass 
affected with pathogenic bacteria safe from human consumption, nor 
are the bacteria commonly found on beef carcasses destroyed by slow 
sharp freezing unless the curing smoking like treatments are provided 
before storage (Shared et. ai, 1989). Wlien frozen muscles are stored 
without an adequate moisture proof barrier an opaque dehydrated 
surface known as freezer bum is fonned caused by the sublimation of 
ice on the surface region of muscle when the water vapour pressure of 
the ice is higher than the vapour pressure in the environmental air. The 
development of freezer burn can be minimized bv^aaaaJDeef muscle 
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for at least 24 hrs prior to freezing and by dipping muscles in curing 
solution (Hall and Alcock, 1987). 
2.13 Packaging of Meat. 
Packaging is an art and a science of delivering product to the 
consumer in an attractive manner with minimal cost and to protect the 
product from any physical, chemical or microbiological spoilage. 
(Dushyanthan el. al., 2000). Attractive display of fresh meat packed for 
retail sale requires the colour to be acceptable to the consumer and 
should compare favorably with that of the unwrapped product (Mills 
and Urbin ,1960). 
The development of meat packing during the last 20 years has 
brought about major changes in the pattern of its distribution and 
marketing(Stanley eLal.,\972). At wholesale level, the traditional 
movement of carcasses or part-carcasses between abattoir and retail 
outlet has largely been replaced by the distribution from cutting and 
packing plants of boxed, boneless joints, vacuum packed to give long 
life without weight loss. Moreover, these partly prepared joints are 
convenient to use and economical in ternis of labour and space. At 
retail level, in supermarkets and for self-service countries the selling 
of fresh and frozen meat is possible only with correctly used 
packaging. In-store packing of meat cuts is being supplemented, and 
may eventually be replaced completely by the distribution of pre-
packed, the limitations of conventional methods of packing have 
become apparent. New techniques are being devised to extend the 
display life of fresh meat (Bakker and Marilyn, 1986). The most 
fundamental function is to contain and utilize the product in to sizes 
and cuts required for the market. This may mean single serving 
packages for retail or large packages for food service. Packaging must 
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have both high strength and integrity. Themially processed, nitrite and 
antioxidants cured and treated meats often require more physical 
protection compared to fresh meats (Benning and Calvin, 1983). 
Products that are packaged at the same location as they are sold, such 
as fresh meat, do not require such a high degree of integrity or strength 
in their packaging. Sanitation and consumer appeal are of primary 
concern for these products. Meat packaging must be a barrier between 
the product and the environment in order to protect and preserve for a 
longer time. The degree of barrier required depends on the type of 
meat. Meats, which are stored at room temperature for months, must be 
protected from the effects of O2 (Brody, 1989). Packaging for such 
products must be a high barrier to O2 ingress and loss of water. Frozen 
meat must also be protected against water loss. Packaging must also 
provide a barrier against biological, chemical and physical agents that 
would detract from quality or safety (Brown, 1992). Components of 
the packaging material that might transfer from the package to the 
product during storage must not be toxic(Mead,1983). 
Packaging must allow the meat product to be produced and 
distributed efficiently and economically (Brody, 1989). The effects of 
different packaging systems are best studied by first considering the 
behavioral properties of meat which are directly influenced as 
described below; 
(i) Water loss- Uncovered meat losses weight by evaporation of 
moisture which dries and darkens the surface as during frozen 
storage water is lost from the meat surface by sublimation to 
colder surfaces in the vicinity, 
(ii) Tissue respiration- Meat is a biological material containing 
respiratory enzyme system which continues to function after 
death. They consume oxygen and produce carbon dioxide at a 
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fast rate for 1-2 days, and thereafter at a slower rate. 
Respirations confined to the surface layer into which oxygen 
diffuses. The depth of penetration depends on a balance 
between oxygen concentration at the surface, driving in 
inwards, and tissue respiration which consumes the oxygen as it 
becomes available. Aerobic bacteria on the surface of the meat 
may also consume oxygen and produce carbon dioxide. While 
the bacterial load is low, the gases involved may be negligible 
in quantity, but during storage, spoilage may increase to a level 
where microbial respiration is comparable with that of meat 
tissue, 
(iii) Microbiology - After dressing, the surface of a carcass may 
carry between 10^  and 10'' bacteria/ cm^ and after butchery, 
joints and pieces of meat for packing are likely to carry 
considerably higher numbers. They may comprise a large range 
of different bacteria some of which can grow between 0°C and 
5°C, 
(iv) Colour - Lean meat colour derives from the muscle pigment, 
myoglobin and its reaction with available oxygen. In meat 
which has been exposed to air for several hours the penetration 
depth may be 6- 7 mm. In the presence of oxygen, myoglobin is 
oxygenated to oxymyoglobin, or oxidized to metmyoglobin. 
The relative amount of these two pigment form depends on the 
partial pressure of oxygen. Oxymyoglobin, the bright-red 
ferrous form of the pigment is favoured by high oxygen 
concentration. Oxygenation of myoglobin is rapid, the surface 
of beef in air will appear red within half an hour at 5°C. On the 
other hand, oxidation to metmyoglobin is slow, and appears first 
as a thin brown layer at the limit of oxygen penetration. The 
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importance of colour as a marketing attribute of meat is well 
established, especially for self-service retailing customers, used 
to seeing bright-red meat prepared for sale, associate this colour 
with good eating quality, although there is little correlation 
between the two. The colour of frozen meat is initially 
dependent on freezing rate and the consequent size of ice 
crystals in the surface layer. The principal deterioration in 
frozen meat during storage is photo-oxidation of the pigments. 
Under direct illumination frozen meat oxidizes from the surface 
inwards, whereas chilled meat oxidation begins in the 
subsurface layer and progresses towards the surface. As with 
chilled meat, loss of redness is detrimental to the marketing of 
frozen meat (Takashi, 1990). 
2.13.1 Influence of Packaging. 
The primary function of meat package to prevent 
contamination, is easily accomplished with the range of plastic 
materials available today. However, packaging may also be used in a 
wider context to improve storage life, attract the customer and more 
recently, to extend the period of attractive display (Hotclikiss, 1990). 
These functions are achieved by creating a new environment for 
the meat, the most important change being modification of the gaseous 
atmosphere. The composition of this atmosphere determines the colour 
of meat and the nature of spoilage, which develops. Gases dissolve in 
meat according to their partial pressures and reactions in the meat may 
consume or produce gases (Hotclikiss, 1990). The gases of primary 
importance are carbon dioxide and oxygen. Carbon dioxide has 
bacteriostatic properties and oxygen is consumed by respiration of 
tissues and aerobic bacteria (Hanlon, 1992). Because of the importance 
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of oxygen for meat colour, any restriction in supply to the muscle 
pigment will affect colour (Lawrie, 1991). All commercial packages 
of meat contain a certain amount of oxygen at some time, and a 
packaging system differ principally in the quantity available to the 
meat initially and thereafter during storage. The effects which 
environmental conditions have on meat microbiology have been 
reviewed in detail by Paine and Heather (1983). 
2.13.2 Packaging material. 
The growth of meat packaging has been accompanied by the 
development of plastic properties which are appropriate for a variety 
of packaging system (Brody, 1989). The choice of films for packaging 
meat is largely determined by their moisture and gas permeability 
(Dainty, 1983).The more important plastics now in use in meat 
packaging are: 
(i) Polystyrene- It is colourless, transparent and hard, has a fairy 
high tensile strength and a high refractive index. It is resistant to 
acids and bases and is insoluble in aliphatic hydrocarbons and 
the lower alcohol, 
(ii) Low Density Polyethylene (LDPE)- It is a tough, translucent, 
waxy solid with a density that can vary between 0.916 and 0.935 
g/cm . It has very high impact strength and in fact does not 
normally break under the usual impact strength test conditions. It 
retains its strength at temperatures down to about -60°C to 70° 
C. It is a good barrier to moisture vapour but it rather more 
permeable to gases and it is not normally suitable as a 
packaging material for oxygen-sensitive foods, 
(iii) High Density Polyethylene (HDPE)- It is tough, slightly 
translucent material with a rather less waxy feel than that of 
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LDPE. It is rigid and hard but has a lower impact strength. 
Density range from 0.95 gm/cm^ to 1.25gm/cm .^ It has a lower 
permeability to water vapour and gases by a factor of about five 
to six. It suits for meat packaging. 
(iv) Polypropylene (PP) - It has a lower density ( 0.90 g /cm ) than 
either of the polyethylene, and harder and has a higher softening 
point. The permeability to oxygen, carbon dioxide and water 
vapour lies between LDPE and HDPE. The impact strength of 
PP is lower than that of PiDPE although it is still adequate for 
most purposes. 
(v) Polyvinyl Chloride (PVC)-PVC is hard, brittle material with a 
density of around 1.35-1.4 g/cm^ Unplasticised PVC has 
excellent resistance to oil , fats and greases and is also resistant 
to acids and alkalis. The gas permeability is lower, however, so 
that good protection against rancidity can be given to oils and 
fats. The biggest usage for PVC in rigid packages for food is in 
bottles, for a wide range of food stuffs, including edible oils, 
fruits squashes etc. 
(vi) Cellulose Acetate-It is a tough , hard material and is unlike 
celluloid (cellulose nitrate), non-flammable. Plasticisers are 
normally added to give suitable material. It is sensitive to water 
absorption and undergoes dimensional changes. It has a high 
permeability to water vapour and to gases but the triacetate is 
superior in this respect. Cellulose acetate sheet has very good 
clarity and it was this property that led to its early use for 
packaging sweets and chocolates. 
(vii) Acrylics- Acrylics have many desirable properties including 
high strength, hardness, clarity and barrier properties. 
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(viii) Polyethylene Terephthalate (PETP)-PETP bottles are stretch 
below moulded and are strong and well able to resist the 
pressure generated by normal carbonated soft drinks. Gas 
barrier properties are also good. The softening point is high . It is 
posses excellent clarity. 
(ix) Urea formaldehyde-It is resistant to solvents but are decomposed 
by strong acids and attacked by strong alkalis. Their main use in 
food packaging is for screw cap closures. 
2.13.3 Packaging Methods. 
2.13.3.1 Vacuum Packaging. 
The introduction of vacuum packaging for the distribution and 
storage of chilled beef has been hailed as the greatest innovation in 
meat handling during the last 25 years (Gibbs and Patterson, 1977). 
Vacuum packaging involves enclosing large boneless joints 
inflexible plastic containers to prevent moisture, loss and exclude 
oxygen from the meat's surface. The plastic materials used for 
vacuum packaging must have low moisture and gas permeabilities and 
be strong enough to hold heavy joints (Gardner, 1983). 
Use of vacuum packaging to increase shelf-life and to maintain 
quality of muscle foods has recently been reviewed (Sahoo and 
Anjaneyulu, 1995). During refrigerated storage of meat , vacuum 
packaging is most protected of various characters, viz, TBA value , 
visual colour , metmyoglobin. Hunter 'a' value etc. (Brewer and Wu, 
1993). 
When meat is vacuum packed the contaminating flora are 
exposed to an atmosphere containing 20-25% CO2 and less than 1% O2 
(Zaemora, and Zaritzky, 1987). Both the high CO2 and low O2 tension 
depress the growth of pseudomonas and facultative anaerobes 
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predominate: lactic acid bacteria, B. Ihennosphacia and 
Enterobacteriaceae. The antimicrobial activities of the Lactobacilli, 
couples with the low storage temperature, combine in a synergistic 
manner to extend the shelf-life of vacuum packaged meat (Enfors and 
Molin, 1981). 
2.13, 3.2 Modified Atmosphere Packaging of Meat. 
Vacuum packaging has the inherent disadvantage that both 
package and meat are subjected to mechanical strain. Mechanical 
pressure on the meat may increase drip loss and if bone is present and 
adequately covered with a suitable material, the pack may be ruptured. 
As an alternative to vacuum packaging, attempts have been made to 
store meat under various gaseous atmosphere, a process referred to as 
modified atmosphere packaging or MAP. The intention has generally 
been to preserve the fresh meat colour and to prevent an aerobic 
spoilage by using high concentration of O2 (50 - 100%) along with 15-
50% CO2 to restrict the growth of Pseudomonas and related bacteria. 
Since containers for MA packaging are good gas barrier, the internal 
atmosphere will be modified by the meat during storage. The relative 
volumes of gas and meat are therefore important in detemiining the 
progress of the changes in concentration of gases during storage, and 
cognizance must also be taken of the high solubility of CO2 compared 
to the relatively low solubility of O2 and N2 in meat (Finne, 1984). The 
antimicrobial effect of carbon dioxide CO2 is well documented but 
comparison of the large number of often contradictory studies 
investigating the effect of CO2 on chemical quality changes is 
lacking. The amount of absorbed CO2 varies from 0-1.79 h C02/kg 
meat depending on the applied packaging and storage conditions, 
which clearly demonstrates the necessity of optimizing these 
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conditions with respect to the required amount of CO2. Absorption of 
large amounts of CO2 in meat tissue cause a minor decrease in pH due 
to the dissociation of the produced carbonic acid to bicarbonate and 
hydrogen ions. A decrease in pH might affect other chemical quality 
parameters but this is not observed to be the case in the reviewed 
studies and general detrimental effects of CO2 cannot be found for 
colour, weight loss or lipid oxidation. However, elevated CO2 levels 
can cause pore formation in cooked meat (Jakobsen and Bertelsen, 
2002). 
Frozen meat is stored and displayed between - 10°C and 
-30°C, at which temperatures microbiological growth is arrested 
(Taylor, 1985). Therefore the changes in meat most influenced by 
packaging are those associated with appearance, colour and the 
absence of frost inside the package. Being the two most important 
features relating to appearance, when frozen meat and meat products 
are stored without an adequate moisture vapour barrier, an opaque 
dehydrated surface known as "freezer burn" is formed (Waites, 1988). 
Oxidative changes are even more effectively reduced through 
exclusion of air by means of vacuum packaging (Hood, 1984). 
A large volume of meat are cured and therefore understanding of the 
changes which meat pigment undergo during the curing process is 
important (Parking and Brown, 1982). During storage, cured meats 
deteriorate, in the first instance because of discolouration, secondly 
because of oxidative rancidity in the fat, and thirdly on account of 
microbial changes. The latter having become of some what greater 
importance since the advent of prepackaged method of marketing. 
Smoke, traditionally produced by the slow combustion of hard woods, 
inhibit microbial growth, retards fat oxidation and imparts flavour to 
cured meats (Lundquist, 1987). 
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In any discussion of the shelf-life of packaged meats, it must be 
borne in mind thai comparisonjbf published data^are/lifficult and the 
making of generalizations fool hardly since there are large number of 
variables which interact to determine the actual shelf-life. The most 
important of these variables are temperature, treatments applied to the 
raw meat. Generally it can be said that laboratory scale trials control 
temperatures over a much smaller range compared to commercial scale 
trials, and this is the reason for the longer shelf-life obtained in 
laboratory scale trials over that obtained in commercial production. 
Other important variables include the microbiological status of the 
meat at the time of packing and the method used to determine the end 
of shelf-life of the meat. Clearly attempting to draw generally 
applicable conclusions from numerous published reports where the 
magnitude of these variable differ would only be misleading. 
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CHAPTER-3 
MATERIAL AND METHODS 
Experimental studies were carried out to examine the 
effects on various treatments namely curing, antioxidant treatments 
and smoking individually and in combination, packaging materials 
and storage conditions on certain physico-chemical, microbial and 
textural characteristics and shelf-life of buffalo meat. 
3.1 Equipment Used. 
A number of experimental study set up were required to conduct 
the present study. The equipments and instalments namely Texture 
analyzer (TAHD), Kjeldhal plus, digital pH meter, deep freezers etc. 
were extensively used. 
3.2 Sources of Buffalo Meat Samples. 
Buffalo meat was collected from the local meat shop. Generally, 
male animals of about 2 years age was slaughtered according to the 
traditional halai method at buffalo slaughter house of Aligarh 
Municipal Corporation, Aligarh after pre-slaughter holding in the 
lairage for a period of 16-19 hours. Although weight, sex, source, 
method of slaughtering and time of collection of carcass were same for 
the entire experiment. Proximate composition of meat especially with 
respect to moisture and fat content was found to vary from one carcass 
to the other. Meat samples from round portions (Comprising mostly 
semimemhranosus, semitendinosus, bicepsfemons and qualdriceps 
muscles) part of carcasses of good finish were obtained from meat 
shop within 3 hours of slaughter. For each trial of the experiments 
similar meat samples in required quantity were procured from round 
cut of a carcass. The meat chunks were packed in low-density 
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polyethylene (LDPE) bags and brought to the laboratory within 10 
minutes. The temperature of meat was 25°C±3 on arrival at the 
laboratory. 
3.3 Preparation of meat samples. 
Buffalo meat was evaluated for physico-chemical properties 
soon after obtaining the samples within 5-6 hours of post mortem. 4 
kg meat sample were taken and cut into eight small cubes each 
weighing 500 gms. Each samples weighing 500 grams was cut in to 
small cubes and made ready for control and treated samples. 
For curing of meat ,a curing solution was made of 80 gram 
common salt (Iodine free), 20 gram sugar, 1.16 gram salt peter 
(Potassium nitrate) and 540 ml distilled water as suggested by Sahoo 
(1995).The solution was thoroughly mixed to dissolve the ingredients. 
The meat samples were submerged into solution and curing was 
allowed for 48 hours at 4° C in an ultra low temperature cabinet. After 
curing , the meat pieces were removed , and left for 2 hours in open to 
allow the meat surface to dry off Cured meat samples were packed 
in HDPE and Al foil bags, and stored at 0° C and -4° C as described 
earlier. 
Meat samples were also cured and treated with antioxidants i.e. 
Sodium Ascorbate and Sodium Hexa Meta Phosphate. For this 
purpose a solution containing 500 ppm of SA or SHMP was used in 
curing solution. 
3.4 Estimation of Physico- Chemical Properties. 
Raw meat samples were analyzed for moisture, ash, protein, fat 
andpH. These properties of raw buffalo meat were evaluated before 
and after giving different treatments (curing, curing combined with 
two different antioxidants like Ascorbic Acid and Sodium Hexa meta 
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phosphate and smoking). Samples were packed and wrapped in 
different packaging material, kept under refrigerated storage 
temperature (0±1°C and -4±rC) for the study of shelf-life. 
3.5 Experimental Methods. 
3.5.1 Estimation of Moisture. 
10 gm each raw and treated buffalo meat samples were 
weighed into a flat bottom dried tared dish. The dishes and its content 
were placed in hot air oven (Yorco Hot Air Sterilizer), thermo 
statistically controlled at 150±5°C and heated until successive 
weighing showed no further loss in weight. At the end the dishes were 
removed from the oven and placed in a desiccators and allowed to 
cool and thereafter weighed. Following fomiula was used for the 
estimation of moisture content in meat samples: 
Loss in weight 
Moisture content (%) = x 100 
Initial weight 
3.5.2 Estimation of Ash. 
Dried sample was weighed in a crucible and ignited at the 
temperature of 350°C for 6 hours in muffle furnace (Make-
Tanco,De!hi). It was then taken out and allowed to cool for a moment 
and placed in desiccators until cooled and finally weighed to a constant 
weight. The ash content was calculated as shown below, 
Final weight of ash 
Ash content (%) = x 100 
Initial weight of ash 
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3.5.3 Protein estimation. 
Protein was analytically estimated by detennining the amount of 
total nitrogen in the sample as suggested by Ranganna (1994) using 
following formula: 
Amount of protein in the sample = total nitrogen x 6.25 
Following regents were used: 
(a) Sulphuric acid, 98% pure(Merk,98%, B.No. C3 3124) 
(b) 0.1 N hydrochloric acid(Qualikems, B.No.QX 030217) 
(c) 2% Boric acid solution(SRL, B.No.TI822004 ) 
(d) 30%Sodium hydroxide(Merk,B.No.DAlDR 51088/A) 
(e) Catalyst mixture (Potassium Sulphate and Copper 
Sulphate) 
(f) Mixed indicator (Bromo cresol green 0.\% + Methyl red 
0.1%) 
Apparatus: Kjeldhal apparatus 
Method: 
5g of finely minced meat was transferred into a digestion flasks 
and 2g catalyst mixture was also added. Then 10 ml concentrated 
sulphuric acid was poured into the mixture and kept for gentle heating. 
The heating was continued until frothing ceased, further it was boiled 
and the digestion was continued for some time until the mixture 
became colourless. The complete digestion required at least 2 hours. 
The flask was cooled after digestion and digested liquid was filtered. 
The volume of this sample was made up to 250 ml. The water was 
boiled in the steam generator gently. 
A 10 ml of sample was taken and transferred into the distillation 
tube through the small funnel and 40 ml of 30%) NaOH was also added 
into the same tube. The stop cork connecting to small funnel was 
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closed. The steam trap thus compelled the steam to pass through the 
distillation tube. The Ammonia liberated from the reaction mixture was 
absorbed in 10 ml of 2% boric acid solution. Distillation was continued 
for five minutes. This solution was treated against N/10 HCl using 
mixed indicator. The blank was run in the second test of experiment 
and the titration was done in a similar way. 
Calculation: 
Percentage nitrogen was calculated as 
(Sample blank) x N of HCl x 14 x \olume made up of digested 
N(%)= X 100 
Aliqot of digest x weight of sample x 1000 
3.5.4 pH Measurement. 
The pH value of the finely minced meat samples were 
determined after homogenizing 10 g of the sample with 50 ml of 
distilled water. The pH of the suspensions were recorded using 
reference and glass electrode portable type Digital pH meter (Model 
Khera, Delhi) 
3.6 Microbiological Quality. 
Test for total plate count was conducted before and after 
treatments (namely curing, curing combined with different 
antioxidants, smoking curing followed by smoking and finally treated 
with antioxidants and followed by smoking) in all samples and at 
regular intervals during storage at two different temperature of 0°C & 
-4°C. Microbial quality is considered to be the most important attribute 
of shelf -life of meat. There is no distinct line of demarcation of 
microbial population for meat beyond which it is considered to be 
unsafe for the human consumption. However, microbial population 
exceeding 10 / g of meat samples was taken as unsafe for human 
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consumption at which unpleasant odour in raw meat samples was 
observed (Ranken and Kill, 1993). 
Total plate count: 
In each test 1 g of meat was taken with the help of sterile knife 
spatula and forceps from samples and mixed in the cyclo mixer (Make 
Remi model CM-101). 9 ml of distilled water was added in the sample. 
Serial dilutions were made and suitable dilutions were poured using 
plate count agar medium (Composition: Peptone 5g, Yeast extract 2.5 
g, meat extract 2.5 g,(High Media Lab.) NaCl 5 g, Agar 10 g, 
Distilled water 500 ml). 
Duplicate plating of sample was followed. The plates were 
allowed to set and were incubated (Model; BOD incubator Super 
Deluxe make Yorco Co.) at 30°C for 40 hours. Viable colony forming 
units were counted under digital colony counter from suitable dilution 
and the average counts were expressed in log number per gram of 
samples. 
3.7 Organoleptic Properties 
Colour, odour and texture of meat samples were evaluated 
organoleptically for all samples based on 8 point hedonic scale where 
in 8 was extremely desirable and 1 was extremely undesirable. The 
organoleptic evaluation of meat samples were done frequently as there 
was lack of experts and scores were entirely based on the evaluation of 
3 or 4 individuals only. 
The odour of the stored meat was observed soon after opening of 
the packets taken out from the refrigerator. The test Performa was also 
developed and supplied to experts at the time of evaluation. The test 
Performa is given below in Table-3.1 
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Table-3.1 Eight point Hedonic Scale for Sensory Evaluation. 
Sensory Attributes Score 
Excellent 8 
Very good 7 
Good 6 
Fair 5 
Slightly poor 4 
Moderately poor 3 
Very poor 2 
Extremely poor 1 
3.8 Smoking Process. 
3.8.1 Requirement for construction of smoke house 
The function of a smoke house is to retain enough heat and 
smoke for smoking to be completed. The items used in building a 
smoked house must, 
(a) be capable of providing a source of smoke, 
(b) create a space which confines the smoke, 
(c) have provision to hold the meat block, and, 
(d) provide an air passage along which to direct the smoke. 
3.8.2 Construction of drum smoke house. 
An empty oil drum was used for the construction of drum type 
smoke chamber. A hole was made at the bottom of the drum while the 
top of the drum was kept open. This drum was then placed over a pit of 
diameter less than that of drum while the depth of the pit was kept 
2'.For smoking, meat samples were hanged in the smoke drum with the 
help of metallic wires. Properly dried neem wood was used as fuel to 
create smoke, the temperature of which was kept between 50-60'^ C by 
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manually controlling the draft of wind in the fire pit. Smoking was 
done for 8-9 hr and smoked meat samples were packed in HDPE and 
Al -foils and stored at 0°C and -4 °C temperatures respectively. 
Similarly cured meat and cured and anti-oxidant treated meat samples 
were also smoked and stored. 
3.9 Texture Analysis. 
Textural analysis of raw, treated and preserved meat samples 
was done by TAHD type texture analyzer. Texture analyzer is an 
instrument, which determines the textural properties of food material. 
Textural properties of different food materials/products, which are 
indicative of its quality, are not same. For example in case of potato 
chips crispness and tenderness, in case of bread sponginess, in case of 
jam and butter spreadibility in case of meat products springiness, 
tenderness, juiciness and cohesiveness etc. are used for this purpose. In 
case of meat and meat products guillotine knife was used as the 
instrument of the probe, for measurement of hardness/tenderness of 
meat/meat products. Texture expert, a computerized package helpful in 
texture analysis of meat and meat products. The study on TAHD is 
automated tlirough computer. Salient features of texture expert include 
texture analyzer setting probe selection, opening of new file and finally 
run the test to get the graphical representation between force and time 
or force vs. distance. In this type of test, the positive peak force 
measures the hardness of meat samples in gram. Once the probe has 
reached the sample, force is seen to increase at a steady rate. As the 
probe moves down further onto the sample the force begin to increase 
rapidly as the sample begins to deform or rupture or penetrate. After 
penetrating or rupturing has occurred the subsequent increase in force 
is as a result of the force required to push. Test results obtained fi-om 
samples of the approximate same type give the typical average 
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maximum peak force (Firmness/hardness) values. The results shown in 
the results and discussion part (in graphs) that the different storage 
time, treatments with packaging material and storage temperature be 
repeatably differentiated by both the measured peak force and the area 
under the curve. The maximum force required to penetrate the sample 
was reported as the hardness of the sample. The highest peak on the 
graph was reported as the hardness value of the meat. The textural 
hardness or fracturability was measured and expressed in shear force as 
Newton (Nordyke et. ai, 2000). 
3.10. Statistical Analysis. 
The experiment was replicated thrice. Observed data up to the 
entire storage for every treatment, packaging materials and refrigerated 
temperatures were statistically analyzed using a factorial block design. 
The data were subjected to Duncans new multiple range test (Saha, 
1995). A regression line was drawn to predict correlation of different 
treatments and packaging material with storage temperature and 
storage time on pH and TPC with the help of a statistical software 
package SPSS on an SAMTRON-Compatible personal computer. 
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Fig. 1 Raw buffalo meat sample 
Fig.2. TAHD type texture analyzer 
Fig.3 Drum type smcke chamber 
Fig.4. Meat sample hanged from Copper wire during smoking 
and 
discussion 
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CHAPTER-4 
RESULTS AND DISCUSSION 
This chapter reports the effects of various treatments, 
packaging materials and storage conditions on shelf-life of buffalo 
meat. In this work focus has been given on the shelf -life taking four 
parameters like pH, Total Plate Count (TPC), Sensory attributes and 
textural properties. pH and TPC has major role in prolonging the shelf 
-life of meat, because meat is very perishable food item. In this present 
work prior to storage study the estimation of protein, fat, moisture 
content and ash content have also been carried out. 
4.1 Compositional Analysis of Raw Buffalo Meat Sample. 
The proximate composition of raw buffalo meat was found to be 
protein 19%, fat 10%, moisture content 70% and ash content 1%. 
4.2 Optimization of smoking time and temperature. 
Optimization of smoking time and temperature was conducted. 
During initial hours it was observed that gradual drying at meat surface 
occurred and there was very little improvement in texture, colour or 
appearance. However as the smoking proceeded, desirable changes in 
colour, texture and appearance were observed. During experimentation 
it was found that raw meat developed optimum level and desirable 
characteristics of smoking i.e. glossy surface finish, blooming of 
colour and tenderization of tissues and uniform dehydration nearly 
after 8 hours of continuous smoking at 50-60 °C tempcratOTe while 
cured as well as cured with antioxidants treated samples took 9 hours 
of smoking in achieving the same desirable characteristics described 
earlier. 
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4.3 Effect of Treatment, Packaging Materials and Storage 
Condition on Shelf-life of buffalo meat. 
4.3.1 On pH, TPC and Sensory characteristics of buffalo meat. 
4.3.1.1 Raw Meat. 
Studies on raw buffalo meat packed in Al-foil and HDPE and 
stored at 0°C and ^ ° C tefflpei=atefe was also conducted. Initially 
ultimate pH of raw buffalo meat was 5.84. Decreasing trend of pH was 
observed during further storage. It was found that pH of raw buffalo 
meat packed in HDPE bags and Al-foil stored at 0°C reached to a value 
of 5.11 and 5.01 respectively after 40 days in each case (Table-4.]). 
Fig.- 4.1 shows the effects of packaging materials and storage 
conditions on pH of buffalo meat. The meat sample was found to be in 
almost spoiled condition as indicated by TPC and sensory 
characteristics (TabIe-4.2 and 4.3). The results of microbial 
characteristics measured as TPC have been presented in Table-4.2. 
Initially logarithmic value of TPC per gram of raw buffalo meat 
samples was 4.29. Storage study at 0°C revealed that the microbial 
population increased more rapidly at 0°C as compared to -4°C (Fig-
4.2). It was noted that logarithmic value of TPC per gram of raw 
buffalo meat packed in HDPE and Al-foil reached to a value of 7.47 
and 7.81 respectively after 40 days storage at 0°C . The counter part 
samples stored at -4°C had logarithmic value of TPC per gram 5.97 
and 6.91 respectively after 40 days storage. The initial increase in 
value of pH during refrigerated storage of buffalo meat was due to 
ripening phenomenon of meat. As^^^ejcnow, if the meat is held cold for 
some time after it has gone into rigor mortis, the muscle again becomes 
soft and pliable with improved flavour and juiciness (resolution of 
rigor). Some changes take place during this period, known as ripening 
or aging. During ripening there is progressive tenderization of meat 
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owing to the denaturation of the muscle proteins and mild hydrolysis of 
denatured proteins by the intra cellular proteolytic enzymes, the 
cathepsins. The enzymes slowly break down the connective tissues 
between muscle fibers as well as the muscles fibers themselves. When 
the ripening is completed, it seems that the pH of meat started reducing 
due to slow microbial activity. This seems to have resulted in 
degradation of fat and protein into simpler organic compounds like 
fatty and amino acids along with liberation of ammonia and carbon 
dioxide, all of which might have contributed towards reduction of pH 
values. However, in this case the pH increased during initial days of 
storage by which time ripening process might have been completed 
after which the pH again started decreasing till it reached minimum 
value As higher pH value of meat is indicative of better functional 
properties of meat, HDPE bags were found to be better packaging 
material as compared to Al-foil with respect to maintenance of quality 
of raw buffalo meat. At this stage the meat samples were in spoiled 
condition as indicated by TPC studies and sensory evaluation, reported 
latter. 
Ziauddin et. al, (1993) reported that buffalo meat stored at -15 
± 3 °C for 3 months have marginal increase in pH values and drip 
losses were observed during the storage period. No significant 
differences in the physico-chemical characteristics were observed 
between meat cuts and minced meat. 
The decreasing trend in pH was due to slow microbial activity. 
As the microbial multiplication continued more and more, pH reduced 
and finally it reached a minimum value. Microbial growth caused the 
protein and fat degradation of meat to simpler organic compounds like 
fatty acids, amino acids, liberation of ammonia and carbon dioxide. 
Actually these compounds contributed for falling of pH. 
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As Anzar (2000) reported the minimum value of pH 5.19 at 
spoilage conditions for sample packed in LDPE after 40 days of 
storage at 0 °C. In another study Anzar (2000) reported in case off PPJ 
the pH reach 5.16 in 25 days. 
Sensory characteristics viz. colour, texture and odour of raw 
buffalo meat were also evaluated, Table-4.3 shows the results. Initially 
the meat sample had desirable colour, texture and aroma. The colour 
started fading at 0°C storage for both samples packed in HDPE and AI-
foil. The colour of meat samples packed in HDPE bags was maintained 
for longer time as compared to the sample packed in Al-foil. Similar 
effects were also observed for the counter parts samples stored at -4°C. 
Refrigerated storage of meat samples is not a long term preservation 
technique. Meat is highly nutritious, contains protein, fat, 
Garbohydrates and^alts, so, it becomes good medium for microbial 
growth. Several micro organisms are already present in the meat after 
slaughter. pH in this condition also favour the bacterial growth. 
Refrigerated temperature slows down the growth for the bacteria up to 
some extent. However , this condition cannot stop microbial 
multiplication. This is the reason that meat sample started spoiling and 
fading of colour, loss of texture and off-smell was noticed. 
In this case also the colour of meat samples packed in both 
HDPE and Al -foils and stored at 0 °C started fading. The colour of 
meat samples packed in HDPE bags were maintained for longer time 
as compared to samples packed in Al-foils. Similar effects were 
observed for meat samples packed in HDPE bags and Al- foils but 
stored at - 4 °C. 
When held for a short time in domestic situations all flesh foods 
are supposed to be lightly covered with wax paper, plastic film or Al-
foil and placed in the coldest part of the refrigerator at 4 °C or lower .If 
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possible ground meat should be preferably frozen, if they are to be 
stored for more than 24 hours. Freezing is the easiest and safest way to 
keep meat for long time storage. The basic requirements for long time 
storage of meat are: 
(a) Sanitary processing 
(b) Moisture proof packaging 
(c) Rapid chilling or freezing, and, 
(d) Low storage temperature. 
Refrigerated and frozen storage of meat can produce profound 
effects on the structural and chemical properties of muscle foods 
including changes in its fibers, lipids and proteins all of which have the 
potential for significantly influencing the quality attributes of meat and 
its products. 
Lipid oxidation is one of the primary causes of deterioration in 
the quality of meat and its products during storage leading to the 
development of off-flavour, loss of colour and texture and decreased 
nutritive value (Pearson et. al, 1983). Lipids oxidation is a major 
problem in the development of new convenience meat products and 
processes also (Gray and Pearson, 1987). 
Some lipid oxidation products and few cholesterol oxides are in 
particular considered artherogeric agents and appear to have 
mutagenic, carcinogenic and systolic properties. It has been suggested 
that membrane phospholipids which are high in polyunsaturated fatty 
acids, are responsible for the initial development of oxidized flavour in 
raw and cooked products during storage (Gray and Pearso»fT^7). The ^ 
product of the lipid oxidation occurs over days of weeks where as in >-
cooked meat, the reaction takes place rapidly (Motqrman, 1987). 
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Table-4.1: Effects of packaging materials and storage conditions on pH 
of buffalo meat (mean ± SD). 
i In Days 
i 1 1 
0 
10 
1 20 
\ 30 
40 
50 
! 60 
70 
80 
90 
pH 
Raw buffalo meat (Control) 
Al foil 
0°C 
5.84±0.025 
5.68±0.02 
5.36±0.041 
5.24±0.045 
5.01±0.05 
5.00±0.043 
4.91±0.055 
4.88±0.051 
4.69±0.042 
4.57±0.043 
-4°C 
5.84±0.03 
5.75±0.04 
5.63±0.045 
5.42±0.03 
5.37±0.036 
5.22±0.021 
5.08±0.033 
5.00±0.041 
4.92±0.045 
4.85±0.04 
HDPE Bags 
0°C 
5.84±0.026 
5.74±0.051 
5.39±0.03 
5.27±0.027 
5.11±0.023 
5.09±0.041 
5.01±0.055 
4.89±0.051 
4.77±0.039 
4.71±0.029 
-4°C 
5.84±0.034 
5.84±0.04] 
5.8}±0.044 
5.76±0.038 
5.58±0.032 
5.33±0.03 
5.21±0.04 
5.17±0.027 
5.09±0.032 
5.01±0.03] 
Table-4.2: Effects of packaging materials and storage conditions on 
Total Plate Count (TPC) of buffalo meat (mean ± SD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
i 
i TPC (log /g) 
Control (Raw buffalo meat) 
Al-foil 
0°C 
4.29± 0.025 
5.53±0.021 
5.98±0.033 
6.77±0.041 
7.81±0.045 
8.11±0.024 
8.37±0.051 
8.44±0.035 
8.69±0.045 
8.79±0.034 
-4°C 
4.29±0.032 
4.76±0.029 
5.34±0.02 
5.89±0.03 
6.9I±0.03 
7.56±0.05 
7.8I±0.042 
8.07±0.021 
8.33±0.03 
8.86±0.031 
HDPE Bags 
0°C 
4.29±0.026 
5.03±0.029 
5.64±0.02 
6.46±0.03 
7.47±0.03 
7.92±0.04 
8.21±0.042 
8.30±0.022 
8.45±0.051 
8.66±0.038 
-4°C 
4.29±0.041 
4.46±0.051 
5.18±0.036 
5.44±0.044 
5.97±0.051 
6.31 ±0.052 
6.87±0.053 
7.45±0.027 
7.88±0.033 
8.32±0.028 
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TABLE-4.3: Hedonic Scale Rating for Refrigerated Storage of Meat 
Packed in HOPE and Al- foils (mean±SD). 
Raw 
HDPE at 0°C 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
0 
7 
7 
10 
6.6 
6.6 
20 
6.33 
6.00 
30 
5.6 
5.6 
40 
5.0 
4.6 , 
50 
5.0 
4.6 
60 
4.6 
4.3 
70 
4.3 
4.0 
80 90 100 
Al-foil at (0°C) 
7 
7 
6.3 
6.3 
5.6 
5.4 
5.0 
5.0 
5.0 
4.6 
4.3 
4.3 
4.3 
4.3 
HDPE at (-4°C) 
7 
7 
7 
7 
6.6 
6.3 
6.3 
6.0 
6.3 
5.6 
5.3 
5.0 
4.6 
4.3 
4.6 
4.3 
4.3 
4.0 
4.0 
4.0 
4.0 
3.6 
1 
Al-foil at (0°C) i 
i 
7 
7 
6.6 
6.6 
6.33 
6.00 
5.6 
5.6 
5.3 
5.0 
4.6 
4.6 
4.3 
4.3 
4.3 
4.3 
4.0 
4.3 
From above studies, it is apparent that refrigerated storage of 
raw meat is not a long term preservation techniques. As we know, meat 
is a highly nutritious product containing protein, carbohydrates, fats 
and salts and hence becomes a good medium for microbial growth, 
which other wise may also be present in meat after slaughtering. The 
pH of meat also favours the bacterial growth at this stage. Refrigerated 
storage slows down the growth of the bacteria up to some extent. 
However this type of storage cannot totally stop microbial growth. 
Probably this was the reason that raw buffalo meat samples stored at 
0°C and -4°C developed fading colour and resulted at these 
temperature in off-odour and loss of texture. 
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4.3.1.2 Raw Smoked. 
^No work has been reported on the beneficial effect of smoking" 
of ra\V meat on the physico-chemical and textural properties. That is 
why, the present work cannot be compared with any other results. Raw 
buffalo meat sample was smoked in drum smoke house for 8 hours and 
the temperature of smoke was maintained at 50-60°C. After 
completion of smoking, there was approximately 25% loss of moisture 
content of the meat sample. It was observed that pH of smoked meat 
increased to 6.14, thus the increase in pH was by 0.3 units over raw 
meat. It was noticed that unlike raw meat, pH value did not increase 
during initial days of storage. pH value continuously decrease during 
storage at 0°C and -4°C until it reached to a minimum value. These 
value were 5.38 after 50 days storage at 0°C for the samples packed in 
Al-foil and 5.32 after 60 days storage at 0°C for the samples packed in 
HDPE (Table-4.4). 
Smoking considerably reduced the microbial population. 
Logarithmic value of TPC per gram just after smoking was found to be 
4.20 (Table-4.5). During storage at 0°C, the value of TPC for samples 
packed in Al-foil was 7.58 while the samples packed in HDPE took 70 
days to reach the logarithmic value of TPC per gram as 7.86 at 0°C 
(Table-4.5). This microbial count referred to the spoilage condition in 
both samples (Ranken and Kill, 1993). Smoking had antimicrobial 
effects on meat samples. The anti-microbial activity in smoked rneat 
was developed due to presence of several organic compounds present 
in hard wood smoke namely phenols, aldehydes, ketones, acids and 
resins. The sample stored at -4°C was found to have more shelf-life 
than the sample stored at 0°C. This is due to the fact that lower the 
temperature more is the microbial growth retardation. 
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Sensory attributes of the smoked sample just after smoking and 
during the storage at 0°C and -4°C were evahiated with the help of 
expert panelists. It was found that smoking brought cherry red colour 
in raw meat. It also improved texture and odour of sample. However, 
during storage at 0°C and -4°C, samples started loosing colour, texture 
and odour. Meat samples developed light red colour, soft texture and 
smoky odour after 60 and 70 days storage at 0°C and -4°C when 
packed in Al-foil and HDPE respectively. Smoke obtained from hard 
wood contains several organic compounds. During smoking fat oozed 
from the meat, which imparted good odour, glossy surface finish and 
red colour of meat (Table-4.6). During storage colour was not entirely 
lost even after reaching spoilage condition. This was perhaps due to the 
surface coating of smoke on meat. 
Table-4.4: Effects of smoking, packaging materials and storage 
conditions on pH of buffalo meat (mean ± SD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
pH 
Smoked Raw buffalo meat 
Al foil 
0°C 
6.14±0.026 
6.12±0.038 
5.97±0.039 
5.78±0.025 
5.44±0.041 
5.38±0.03 
5.17±0.04 
5.16±0.04 
5.09±0.048 
5.02±0.038 
-4°C 
6.14±0.026 
6.13±0.03 
6.11±0.03 
5.92±0.03 
5.81±0.04 
5.72±0.03 
5.61±0.02 
5.41±0.03 
5.33±0.03 
5.25±0.041 
HDPE Bags 
0°C 
6.14±0.028 
6.11±0.03 
5.96±0.03 
5.88±0.031 
5.61±0.032 
5.44±0.03 
5.32±0.04 
5.28±0.041 
5.21±0.041 
5.06±0.044 
-4°C 
6.14±0.028 
6.14±0.026 
6.10±0.025 
6.01±0.03 
5.92±0.04 
5.81±0.045 
5.73±0.05 
5.49±0.03 
5.38±0.032 
5.27±0.03 
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Table-4.5: Effects of smoking, packaging materials and storage 
conditions on TPC of buffalo meat (mean±SD). 
In Days 
0 
10 
20 
i 30 
40 
50 
60 
70 
80 
90 
TPC (log/g) 
Smoked raw buffalo meat 
Al foil 
0°C 
4.20±0.068 
4.78±0.06 
5.21±0.058 
5.67±0.07 
6.09±0.07 
6.71±0.058 
7.58±0.06 
8.11±0.08 
8.27±0.071 
8.40±0.055 
-4°C 
4.20±0.06 
4.44±0.063 
4.96±0.061 
5.34±0.072 
5.69±0.063 
6.06±0.074 
6.52±0.054 
6.86±0.063 
7.28±0.044 
7.63±0.084 
HDPE Bags 
0°C 
4.20±0.06 
4.61±0.067 
5.08±0.071 
5.51±0.058 
5.89±0.066 
6.32±0.049 
6.81±0.053 
7.86±0.081 
7.99±0.068 
8.21±0.066 
-4°C 
4.20±0.06 
4.36±0.07 
4.68±0.07] 
4.94±0.081 
5.41±0.076 
5.86±0.067 
6.31±0.063 
6.54±0.056 
7.11±0.073 
7.3U0.044 
TABLE-4.6: Hedonic Scale Rating for Refrigerated Storage in HDPE 
and Al foils (mean±SD). 
Packaging 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
0 
7.0 
7.3 
7.0 
7.3 
7.0 
7.0 
7.6 
7.0 
10 
6.6 
7.7 
20 
6.0 
6.6 
6.3 
6.3 
5.3 
5.6 
7.0 
7.6 
6.6 
6.3 
7.6 
7.3 
7.0 
6.6 
30 
5.6 
6.6 
5.3 
4.6 
6.3 
6.3 
6.6 
6.3 
Smoked raw meat 
HDPE at (0°C) 
40 
5.3 
5.6 
50 
5.0 
5.3 
60 
4.3 
5.0 
70 
4.3 
4.6 
Al-foil at (0°C) 
4.6 
4.6 
4.3 
4.3 
4.0 
4.0 
4.0 
4.0 
HDPE at (-4°C) 
6.3 
6.3 
6.0 
6.0 
5.6 
5.6 
5.3 
5.3 
Al-foil at (0°C) 
6.0 
5.6 
5.6 
5.3 
5.3 
4.6 
5.0 
4.3 
80 
4.3 
4.3 
4.0 
4.0 
5.0 
4.6 
5.0 
4.3 
90 
4.0 
4.3 
100 
4.0 
4.0 
4.6 
4.6 
4.6 
4.0 
4.3.1.3 Cured Meat Samples. 
Although a lot of work has been reported on the effect of 
addition of curing solution on physico- chemical and functional 
properties such as increased pH, water holding capacity ( WHC) 
protein solubility , emulsifying capacity (EC) ( Bendall, 1954; Hamm, 
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1960 ) on various types of meat. Study on curing of raw buffalo meat 
was also conducted. It was found that cured meat improved in pH by 
0.04 unit over controlled meat samples. Cured meat samples were 
packed in HDPE bags and Al-foil and kept for storage study at 0°C and 
-4°C. It was found that pH of cured meat did not change after 10 days 
sample packed in HDPE bags kept at 0°C and -4°C (Table -4.7). On 
further storage decreasing trend of pH was noted and cured meat 
sample kept at 0°C packed in HDPE and Al-foil finally had pH value 
5.21 and 5.08 after 50 days. The spoilage condition in the sample was 
noted at this stage as indicated by TPC and sensory characteristic. The 
results of microbial characteristics have been presented in Table-4.8. 
Initially the logarithmic value of TPC per gram of cured meat sample 
was 4.11. The cured meat samples were packed in HDPE bags and Al-
foil and kept for storage study at O'^ C and -4°C. From the results of 
storage study, it was found the logarithmic value of TPC per gram 
started increasing slowly and the cured meat sample was found to be in 
spoiled condition after 50 and 40 days for HDPE bags and Al-foil 
packaging, while the storage temperature was 0°C. Similar effects were 
noted for both the samples kept at -4°C for storage study. Both the 
samples have prolonged shelf-life 60 and 50 days respectively as 
indicated by logarithmic value of TPC per gram 6.88 and 6.90 
respectively (Table-4.8). 
A number of acidulants such as lactic acid, acetic acid, citric 
acid etc. have been used in preserving beef and buffalo meat by several 
researchers (Saoji et. a/., 1990; Ravindranatli, 1994;Webster and 
Cooke, 1984). In beef, sorbate addition at 550 ppm level has reduced 
microbial contamination remarkably (Zaemore and Zaritzky, 1987) and 
its dipping (5%) has extended the shelf-life. After two months of 
storage, the amount of residual nitrite decreased. Woolford and 
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Cassens (1977), Cassens el. al, (1974), and Kemp el. a/., (1975) found 
decreased levels of nitrite in cured products with increased storage 
time affecting pH and giving chances bacteria to grow.^mepj'i?/. al... 
(1975) suggested that nitrate had been reduced to nitrite by reducing 
micro organism during storage period. Cassens et. al., (1974) reportel 
nitrite may undergo auto-oxidation resulting in the formation of nitrate. 
Therefore, the interior tissue may contain more residual nitrite than the 
surface tissue which may had undergone more auto-oxidation. Kemp 
et. al., (1975) found that nitrate, in the case of simple curing, had no 
significant effect on the total plate counts which was stored for one 
month. All meat samples were considered very acceptable after curing 
and at two months of storage however, about one quarter of samples 
were considered to be unacceptable by the taste panelists after four 
months of storage, due to the bacterial spoilage. Anzar (2000) reported 
the shelf-life of cured samples packed in LDPE and PP 60 and 45 days. 
Sensory characteristics are important parameter for reporting the 
actual quality of meat samples. The attributes taken for sensory 
evaluation are colour, odour and texture. Colour of the meat is very 
important in describing the excellent and poor condition of meat. 
Cured meat was improved in colour, texture and odour as compared to 
raw buffalo meat (Table-4.9). Score value bjsaw. 7,7,7 and 8,8,8 for 
cured colour, texture and odour respectively. Colour scores were 
significantly affected by nitrate only (Kemp, 1975). Flavour, Saltiness 
and overall acceptability scores were not significantly affected by 
nitrate but were significantly affected by storage time. Simon et. al., 
(1973) also indicated that nitrate has no effect in cured flavour 
development in all meat frankfurters. During storage, cured meat 
sample packed in HDPE and AJ-foil and kept at 0°C and -4°C started 
loosing the colour, texture and odour. Cured meat looses its texture, 
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colour and odour after 50 days for both samples at 0°C and 60 days at 
-4°C. Loss in texture was noted by slimy condition and off odour was 
also noticed. The changes occurred due to microbial load increased 
beyond limit and protein and fat were degraded by microorganism. 
Curing brought colour in meat. The nitrate, with the help of bacterial 
action reduced to nitrite and nitrite reacted with hydrogen ion to form 
nitrous acid (HNO2). Nitrous acid is reduced by the compound present 
in meat to nitric oxide which combined with myoglobin to form nitric 
oxide myoglobin which is bright red in colour. Salt and sugar also have 
positive effect on sensory characteristics of meat especially on colour. 
It also improved texture and flavour of meat. 
Table -4.7: Effects of treatment, packaging materials and storage 
conditions on pH of cured buffalo meat (mean ± SD). 
In Days 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
pH 
Cured meat samples 
Al- foil 
0°C 
5.88±0.022 
5.79±0.031 
5.71±0.026 
5.43±0.051 
5.11±0.044 
5.08±0.046 
5.05±0.02 
5.00±0.031 
4.91±0.023 
4.88±0.036 
-4°C 
5.88±0.026 
5.88±0.028 
5.81±0.027 
5.72±0.049 
5.61±0.05 
5.48±0.05 
5.30±0.041 
5.21±0.044 
5.01±0.03 
4.98±0.031 
HDPE Bags 
0°C 
5.88±0.046 
5.80±0.050 
5.69±0.042 
5.50±0.031 
5.29±0.022 
5.21±0.020 
5.18±0.047 
5.09±0.036 
5.01±0.023 
4.87±0.033 
-4°C 
5.88±0.041 
5.88±0.04 
5.83±0.05 
5.81±0.055 
5.70±0.045 
5.54±0.03 
5.44±0.04 
5.36±0.021 
5.28±0.022 
5.21±0.042 
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TabIe-4.8: Effects of treatment, packaging materials and storage 
conditions on TPC of cured buffalo meat (mean ± SD). 
In Days 
In Days 
0 
TPC (log/ g) 
Cured Raw buffalo meat 
Al-foil 
0°C 
4.11±0.041 
10 1 4.63±0.04 
20 5.36±0.03 
30 ; 5.89±0.04 
40 6.77±0.05 
50 1 7.81 ±0.02 
60 
70 
80 
90 
8.07±0.04 
8.22±0.033 
8.30±0.025 
8.40±0.045 
-4°C 
4.11±0.051 
4.58±0.052 
5.11±0.053 
5.42±0.04 
5.88±0.046 
6.90±0.047 
7.08±0.052 
7.46±0.052 
7.82±0.056 
8.16±0.06 
HDPE Bags 
0°C 
4.11±0.06 
4.31±0.051 
5.01±0.055 
5.72±0.055 
6.38±0.061 
7.11 ±0.044 
7.82±0.051 
7.88±0.028 
8.06±0.035 
8.14±0.032 
-4°C 
4.11±0.055 
4.26±0.05 
4.79±0.053 
5.22±0.046 
5.53±0.048 
5.98±0.047 
6.33±0.042 
7.21±0.033 
7.72±0.042 
7.94±0.041 
Table- 4.9: Hedonic Scale Rating for Refrigerated Meat Storage in 
HDPE and Al foils Packaging (mean ± SD), 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
0 
8 
8 
8 
8 
8 
8 
7.6 
7.6 
10 
7.3 
7.3 
7.0 
7.3 
7.6 
7.6 
7.0 
7.3 
20 
7.0 
7.0 
6.6 
6.4 
7.0 
7.G 
6.6 
6.3 
Cured meat 
HDPE 0°C 
30 
6.6 
6.3 
40 
6.0 
5.6 
50 
5.6 
5.6 
60 
4.6 
4.6 
70 180 
4.3 i4.3 
4.3 !4.3 
Al-foil at (0°C)\ 
6.0 
6.0 
5.3 
6.0 
4.6 4.3 
5.5 4.3 
XO 14.0 
4.Q 44.0 
HDPE at (-4°C) / 
6.6 
6.6 
6.3 
6.3 
6.0 
6.0 
5.6 
J . 3 . / 
/1.6 l4.6 
•5.3 l4.6 
Al-foil ai(0°CJi 
6.3 
5.6 
5.6 
5.6 
5 . 3 ^ - 5 ^ 
5.0 4.6 
4.6 4.3 
4.6 M.3 
90 
4.0 
4.0 
100 
3.6 
4.0 
4.3 
4.6 
4.3 
4.0 
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4.3.-I.4 Cured Smoked. 
Combined treatment of curing'and smoking was also taken for 
study and to see the effect on pH of raw buffalo meat. There was 
considerable improvement in pH of cured and smoked meat samples 
over raw buffalo meat. The samples were packed in HDPE bags and 
Al-foil and kept for storage study at 0°C and -4°C respectively. 
Improvement in pH*is indicative of meat quality and extension 
in shelf-life during refrigerated storage. pH of cured smoked meat 
started decreasing during storage. After .30 days pH reduced to a value 
of 6.11 and 6.09 for samples packed in HDPE bags and Al-foil 
respectively while storage temperature was 0°C. Cured smoked meat 
had shelf-life of 80 and 60 days at 0°C for samples packed in HDPE 
bags and Al- foil. Corresponding value/of pH were 5.44 and 5.69 
respectively. It was found that logarithmic value of TPC per gram 
considerably reduced after giving combined treatment of curing and 
smoking. Logarithmic value of TPC per gram v/as 3.98 just after 
treatment. Combined treatment i.e. curing followed by smoking caused 
significant increase m pH values, Anzar (2000) reported in his work. 
The ^helf-life increased due to the combined treatment and the 
microbial growth totally seized due to this treatment. 
Smoking has an antimicrobial effect on meat samples. It also 
caused the dehydration effect in meat that is why the considerable 
reduction in weight and microbial population after smoking were 
observed. The increase in pH value is also due to the mechanism in 
which the curing ingredient and the protein denatured due to the 
exposure of smoked meat up to 8 to 9 hours.The samples, after 
packaging in HDPE bags and Al-foil were kept for a refrigerated 
storage (0°C and -4°C). There was slow increment in microbial 
population after 5^^ days. Logarithmic value of TPC per gram for 
93 
HDPE and Al-foil packed samples were found to be 6.68 and 7.91 
respectively at 0°C storage while the value of logarithmic value of TPC 
per gram for the counter part samples stored at -4°C were 5.82 and 
6.81 respectively. The shelf- life of Al-foil packed samples stored at 
0°C was only 50 days while that of samples packed in fiDPE bags was 
60 days. Similarly the shelf-life of samples of both packaging material 
HDPE and Al-foil kept at -4°C was found to be 80 and 60 days 
respectively. There were considerable increment in shelf lives of cured 
smoked meat samples whether packed in HDPE or Al-foil stored at 
0°C or -4°C as compared to raw buffalo meat and individually treated 
smoked and cured meat samples. 
Sensory evaluation of cured smoked meat samples were done 
with the help of a group of expert panelist using 8-point(liedonicjscale. 
Sensory attributCyOf the quality were taken as a colour, odour and 
texture for meat samples. The combined effect of curing and smoking 
improved the colour and texture over the control meat sample. The 
colour of cured meat was glorified after smoking and texture was 
considerably improved. Meat became more compact due to partial 
cooking and hydrolysis of protein. Sensory attribute are real parameter 
for measuring the commercial quality of meat. The shelf - life 
determination is based on sensory characteristics and microbial 
characteristics. During storage, loss in colour and ('texture- were 
noticed. The aroma also started changing during storage. More slow 
loss in colour and odour was noticed in case of sample packed in 
HDPE and stored at -4 °C. It was noticed that the shelf- life of cured 
smoked meat sample packed in HDPE and Al-foil stored at 0°C were 
60 and 50 days while its counter part sample stored at -4°C had shelf -
life of80 and 60 days. 
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Table-4.10: Effects of curing and smoking, packaging materials and 
storage conditions on pH of buffalo meat(mean ± SD). 
In Days 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
PH 
Smoked cured meat 
Al-foil 
0°C 
6.44±0.03 
6.3I±0.038 
6.24±0.034 
6.09±0.032 
5.93±0.02 
5.81±0.04 
5.69±0.05 
5.51±0.052 
5.31±0.03 
5.19±.036 
5.11±0.032 
5.03±0.036 
5.00±0.028 
-4°C 
6.44±0.03 
6.40^:0.041 
6.31±0.04 
6.21±0.038 
6.02±0.031 
5.89±0.028 
5.73±0.02 
5.68±0.033 
5.61±0.041 
5.55±.051 
5.41±.044 
5.33±.051 
5.30±.056 
PIDPE Bags 
0°C 
6.44±0.03 
6.36±0.03 
6.29±0.028 
6.11±0.02] 
5.98±0.036 
5.87±0.034 
5.75±0.04 
5.54±0.04 
5.44±0.041 
5,.31±.035 
5.28±0.033 
5.20±0.021 
5.08±0.036 
-4°C 
6.44±0.03 
6.44±0.022 
6.41±0.021 
6.38±0.019 
6.26±0.031 
6.14±0.033 
5.98±0.036 
5.86±0.037 
5.80±0.044 
5.71±.051 
5.62±.044 
5.58±.046 
5.50±.048 
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Table- 4.11: Effects of smoking, packaging materials and storage 
conditions on TPC of cured buffalo meat (mean ± SD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
TPC (log/g) 
Smoked Cured meat 
Al foil 
0°C 
3.98±0.036 
4.27±0.04 
4.87±0.04 
5.32±0.038 
5.88±0.06 
6.54±0.066 
7.03±0.065 
7.57±0.066 
7.66±0.051 
7.70±0.039 
7.81±0.04I 
8.06±0.043 
8.26±0.037 
-4°C 
3.98±0.031 
4.07±0.05I 
4.41±0.059 
4.84±0,066 
5.21±0.06I 
5.63±0.074 
5.98±0.072 
6.27±0.081 
6.54±0.068 
6.94±0.066 
7.39±0.07I 
7.88±0.078 
8.17±0.064 
HDPE Bags 
O^ C 
3.98±0.03 
4.11±0.051 
4.69±0059 
5.1]±0.066 
5.76±0.060 
5.97±0.074 
6.44±0.072 
6.93±0.081 
7.11±0.029 
7.45±0.038 
7.66±0.037 
7.83±0.022 
8.12±0.033 
-4X 
3.98±0.029 
4.01±0.049 
4.22±0.048 
4.53±0.046 
4.96±0.051 
5.17±0.066 
5.38±0.068 
5.84±0.071 
6.04±0.077 
6.46±0.081 
6.87±0.079 
7.44±0.071 
7.91±0.066 
Table -4.12: Hedonic Scale Rating for Refrigerated Meat Storage in 
HDPE and Al- foils (mean ± SD). 
Packaging 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Cured +Smoked meat 
HDPE at (0°C) ; 
0 
7.3 
7.3 
10 
7.0 
7.0 
20 
6.3 
6.6 
30 
6.0 
6.3 
40 
5.6 
5.6 
50 
5.3 
5.6 
60 ! 70 
5.0 
5.3 
4.3 
4.6 
80 
4.3 
4.3 
90 
4.0 
4.3 
100 1 
4.0 1 
4.0 I 
Al-foil at (0°C) 1 
7.3 
7.3 
6.6 
7.0 
6.3 
6.6 
5.6 
6.0 
5.3 
5.6 
4.6 
5.3 
4.3 
5.0 
4.0 
4.3 
4.0 
4.0 
1 
1 
HDPE at (-4X) 
7.6 
7.6 
7.6 
7.6 
7.0 
6.6 
6.6 
6.3 
6.3 
6.0 
6.3 
5.6 
6.3 1 5.6 
5.0 1 5.0 
5.3 
5.3 
5.0 
5.3 
4.6 
5.0 
Al-foil at (0°C) 
7.6 
7.3 
7.0 
7.3 
7.0 
6.6 
6.6 
6.6 
6.3 
6.3 
6.0 
5.6 
5.0 4.6 
5.6 ; 5.3 
5.0 
5,3 
4.3 
4.6 
A3 
4.3 
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4.3.1.5 Cured with Sodium Ascorbate treated meat samples. 
Prolonging the storage life of fresh meat is a very important 
consideration for both consumers and meat packers. The shelf- life of 
fresh meat can be prolonged by limiting the extent of discolouration, 
lipid oxidation and microbiological contamination (Okayama et. al.. 
1987). Greene e(. a/., (1971) have reported that ascorbic acid plus 
propylgallate or butylated hdroxyanisole effectively retard^ both 
pigment and lipid oxidation in ground beef Chang and Watts (1949) 
reported that Ascorbic acid markedly retarded rancidity and extended 
the shelf-life. Benedic et. al., (1975) reported the effect of lipid 
antioxidants on the stability of ground beef during storage and 
suggested that Ascorbic acid exerted definite pro-oxidant action. Anti 
oxidant like Ascorbic Acid, Poly Phosphate, Sodium Ascorbate, 
Tocopherol and their derivative play very important role in preventing 
the fat oxidation which leads to development of rancidity and warm off 
flavour. Lactic acid and Polyphosphate were evaluated for the ability to 
reduce aerobic plate count (APC) (Ramirez et. al. 2001). Lactic acid 
prolongs the shelf-life because the number of total bacterial count was 
decreased whereas the bacterial count for the control group increased 
which longer storage. El-Khateib ei. al., (1992) reported that lactic acid 
or Ascorbic acid decreases the count of listeria monocytogens on the 
meat surface significantly when compared with the control treatment. 
A 
Both Antioxidant? Sodium Ascorbate and Poly Phosphate 
(Sodium Hexa Meta Phosphate) were chosen for treatment in 
combination with meat curing. In the first combination, curing was 
combined with Sodium Ascorbate and its additional effect was studied 
over control and cured meat. pH value of the curing combined with 
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Sodium Ascorbate treated sample improved to 5 91 as compared to 
5.84 and 5.88 for control and cured meat. During refrigerated storage 
at 0°C and -4°C pH started decreasing till spoilage. The shelf-life of 
described meat sample packed in Al- foil was found to be 50 days at 
0°C while its counter part packed in HDPE had shelf-life of 60 days. 
Similar effects were also noted in case of both packaging material Al-
foil and HDPE of ^ ° C storage. The shelf- life of sample under both 
packaging material was found to be 60 and 70 days respectively. pH 
values on 60 and 70 days of storage were found to be 5.49 and 5.46 
respectively (Table-4.13). Curing combined with Sodium Ascorbate 
treatment had remarkable effect on microbial count. Logarithmic value 
of TPC per gram of treated samples was found to be 3.91 just after 
treatment while the logarithmic value of TPC per gram for control and 
cured meat were found to be 4.29 and 4.11 respectively. SampleS 
packed in both packaging material Al-foil and HDPE were kept for 
refrigerated storage study at 0°C and -4°C. Microbial count of sample 
given combined treatment of curing and Sodium Ascorbate started 
increasing but rate of microbial growth was slower as compareVo 
control and cured meat sample. The sample had shelf- life at 0°C in 
both packaging material Al- foil and HDPE of 50 and 60 days while its 
counter part stored at -4°C had shelf-life of 60 and 70 days. The 
corresponding value^f logarithmic value of TPC per gram was 6.44, 
6.88, 6.93 and 6.33 respectively (Table-4.14). At 0°C, as reported by 
Pacheco-Aguilar et. al., (2000), proteolytic activity was detected. Lipid 
oxidatioh from moderate to advanced was also detected after day 5, 
causing lowering in the value of pH with the increase in storage period. 
There were no differences in pH between control samples and 
samples containing 400 ppm Sodium Ascorbate, nor between those 
containing 300 or 400 ppm Sodium Ascorbate as reported by Sahoo 
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and Anjaneyulu (1997). The highest pH was found in die 500 ppm ,3 
Sodium Ascorbate samples and die lowest in the 600 ppm. The 
decrease in pH during storage may have been owing to the growth of 
gram-positive bacteria, especially lactic acid bacteria (Jay and Shelef, 
1978). 
Sodium Ascorbate has positive effect on sensory characteristics 
of meat. Particularly the combined treatment imiproved odour and 
colour of meat. Score values of treated samples for packed in Al-foil 
and HDPE and kept at 0°C were found to be 5.6, 6, 6.3 and 6.3 
respectively after 40 days while its counter part stored at -4°C had 
score value of odour and colour 6.3, 6.3 and 6.3 and 7 respectively 
after 40 days storage (Table- 4.15). In the other hand, Koshering 
process causes undesirable discolouration during storage (Zuckermano 
et. a/., 2001) as compared to non-kosher meat. The treatment with 
sodium ascorbate had also a positive effect in reducing initial total 
microbial count by 1.5 log CFU/g. 
TabIe-4.13: Effects of treatment, packaging materials and storage 
conditions on pH of cured with Sodium Ascorbate treated buffalo meat 
(mean ±SD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
pH 
Cured with Sodium Ascorbate treated 
Al foil 
0°C 
5.91±0.031 
5.86±0.02 
5.67±0.02 
5.41±0.031 
5.18±0.026 
5.07±0.021 
5.05±0.06 
5.01±0.035 
4.90±0.039 
4.85±0.028 
-4°C 
5.91±0.031 
5.89±0.029 
5.88±0.031 
5.81±0.033 
5.76±0.034 
5.61±0.036 
5.49±0.028 
5.32±0.04 
5.28±0.04 
5.19±0.055 
HDPE Bags 
0°C 
5.91±0.032 
5.86±0.033 
5.69±0.039 
5.51±0.038 
5.34±0.031 
5.29±0.02 
5.21±0.02 
5.11±0.029 
5.01±0.027 
4.90±0.02 
-4°C 
5.91±0.026 
5.91±0.021 
5.88±0.02 
5.87±0.023 
5.79±0.036 
5.68±0.038 
5.61±0.04 
5.46±0.041 
5.41±0.044 
5.38±0.052 
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Table-4.14: Effects of treatment, packaging materials and storage 
conditions on IPC of cured with §odium Ascorbate treated buffalo 
meat, (mean ± SD) 
TPC (log/g) 
1 In Days 
1 
i 
0 
1 10 
20 
i 30 
40 
50 
60 
70 
80 
90 
Cured with Sodium Ascorbate treated 
Al foil 
0°C 
3.91±0.061 
4.51±0.055 
4.88±0.054 
5.46±0.061 
5.92±0.066 
6.44±0.058 
7.19±0.061 
7.98±0.066 
8.06±0.031 
8.27±0.043 
-4°C 
3.91±0.050 
4.14±0.054 
4.72±0.053 
5.18±0.061 
5.71±0.062 
6.18±0.06 
6.93±0.055 
7.22±0.054 
7.48±0.056 
7.88±0.071 
HDPE Bags 
0°C 
3.91±0.061 
4.21±0.06 
4.8]±0.062 
5.27±0.063 
5.74±0.068 
6.12±0.066 
6.88±0.07 
7.44±0.07 
7.88±0.054 
8.04±0.051 
-4°C 
3.91±0.068 
4.04±0.05 
4.21±0.052 
4.79±0.05] 
5.01±0.053 
5.46±0.06 
5.97±0.06 
6.33±0.06 
6.85±0.067 
7.39±0.069 
Significant at (p<0.05),n=7 
Table-4.15: Hedonic Scale Rating for Flefrigerated Storage in HDPE 
and Al foils (mean ±SD). 
SA 
Packaging 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
7.6 
8.0 
10 
7.6 
7.3 
7.6 
7.3 
7.6 
7.6 
7.3 
7.6 
Cured + Sodium Ascorbate meat 
20 
7.3 
7.0 
7.0 
6.6 
7.0 
7.3 
7.0 
7.3 
30 
6.6 
6.3 
6.6 
6.3 
7.3 
6.6 
6.6 
7.0 
HDPE at (OX) 
40 
6.3 
6.6 
50 
5.6 
5.6 
60 
5.0 
5.3 
Al-foil at (OX) 
6.0 
5.6 
5.3 
5.0 
4.6 
4.0 
HDPE at (-4°C) 
7.0 
6.3 
6.3 
6.3 
5.6 
5.6 
Al-foil at (-4X) 
6.3 
6.3 
6.0 
6.3 
5.3 
5.6 
70 
4.6 
4.6 
4.6 
4.0 
5.0 
5.0 
5.0 
5.3 
80 
4.6 
4.6 
4.3 
4.0 
4.6 
4.6 
4.3 
4.6 
90 
4.3 
4.6 
100 
1 
4.0 
4.0 
4.0 
4.3 
4.3 
4.3 
4.3.1.6. Cured and Sodium Ascorbate treated meat samples 
followed by smoking. 
As quoted earlier that work on effect of smoking has not been 
studied by any researcher on the physico - chemical and texturai 
property of treated buffalo meat. Curing in combination with Sodium 
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Ascorbate and smoking had improved the pH meat samples to 6.54. pH 
value of combined treatment was better as compared to raw, raw 
smoked, cured and cured smoked samples. Curing and smoking m 
combination with Antioxidant lead to increment in keeping quality of 
meat. The samples were packed in Al- foil and HDPE and kept for 
storage study at 0°C and -4°C. pH value started decreasing during 
storage and the estimation was done until the sample was found to be 
in spoiled condition. Sensory attributes and total plate count were 
indicative of shelf-life and finally spoiled condition of meat. The meat 
sample kept at 0°C packed in both packaging material Al-foil and 
HDPE bags were found to have shelf-life of 60 and 70 days. 
Corresponding pH values were 5.78 and 5.77 respectively. Similar 
observations were noted for meat sample kept at -4°C packed in both 
packaging material Al-foil and HDPE bags. Shelf-life of the sample 
under -4°C storage condition was found to be 70 and 90 days 
Corresponding value^of pH were 5.77 and 5.68 respectively. The 
combined treatment of curing with Sodium Ascorbate followed by 
smoking caused sufficient reduction in microbial population. The 
logarithmic value of TPC per gram just after treatment was found to be 
3.41. The sample packed in both packaging material were kept for 
storage study at 0°C and -4°C. As described earlier the shelf-life of 
sample was entirely dependent upon the microbial coiint. The 
logarithmic value of TPC per gram for both packaging material at 0°C 
were 5.19 and 5.68 respectively after 60 and 70 days. Similarly the 
storage study at -A°C of meat samples in both packaging material Al-
foil and HDPE revealed that the shelf-life of samples were 70 and 90 
days and corresponding values of logarithmic value of TPC per gram 
was found to be 5.41 and 6.08 respectively. On ward storage at 0°C 
and -4°C lead to the increment in microbial population beyond 10 
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which described the spoilage condition of meat sample. It was fomid 
that curing in combination with sodium Ascorbate treatment and 
smoking brought significant improvement in colour, texture and odour 
of meat samples. The addition of Sodium Ascorbate to cured meat and 
finally smoking brought similar changes as in case of cured and 
smoked meat. The texture in addition was found to be more compact as 
compare to simply cured or smoked meat sample. The loss of colour, 
texture and odour was noticed during a long storage samples which are 
packed in HDPE and stored at -4°C have more stayed sensory 
characteristics as compared to samples packed in Al foil and st^re3 at 
O^ C^. There was no strong off smell or jsoftness in^texture or complete 
loss in colour after entire storage period. The colour still had coating of 
smoke in both the cases. 
Table-4.I6: Effects of smoking, packaging materials and storage 
conditions on pH of cured with Sodium Ascorbate treated buffalo meat 
(meaniSD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
pH 
Smoked cured with treated Sodium Ascorbate 
Al foil 
0°C± 
6.54±0.019 
6.50±0.041 
6.34±0.052 
6.19±0.038 
6.01±0.046 
5.89±0.056 
5.78±0.050 
5.71±0.061 
5.66±0.063 
5.41±0.044 
5.33±0.052 
5.23±0.029 
5.20±0.036 
-4°C 
6.54±0.02 
6.51 ±0.022 
6.43±0.038 
6.21±0.031 
6.06±0.03 
5.91±0.041 
5.82±0.055 
5.77±0,05I 
5.70±0.066 
5.48±0.063 
5.41±0.057 
5.38±0.052 
5.35±0.063 
HDPE Bags 
OX 
6.54±0.023 
6.52±0.037 
6.41±0.038 
6.27±0.049 
6.08±0.041 
5.93±0.057 
5.81±0.061 
5.77±0.060 
5.71±0.076 
5.53±0.071 
5.38±0.088 
5.30±0.036 
5.21±0.044 
-4°C 
6.54±0.022 
6.54±0.026 
6.51±0.023 
6.36±0.038 
6.21±0.041 
6.08±0.044 
5.93±0.046 
5.87±0.040 
5.79±0.056 
5.68±0.057 
5.61±0.064 
5.59±0.063 
5.45±0.073 
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Table-4.17: Effects of smoking, packaging materials and storage 
conditions on TPC of cured with Sodimn Ascorbate treated buffalo 
meat (mean±SD). 
TPC (log/g) 
In Days 
0 
! 10 
! 20 
i 30 
j 40 
I 50 
: 60 
70 
80 
90 
100 
110 
120 
1 Smoked cured treated with Sodium Ascorbate 
Al-foil 
0°C -4°C 
3.41±0.044 3.41±0.044 
3.55±0.041 3.51±0.054 
1 3.93±0.02 3.87±0.038 
4.07±0.03 4.01±0.037 
4.44±0.04 
4.88±0.04 
5.19±0.03 
5.88±0.041 
6.21±0.046 
6.86±0.071 
7.44±0.053 
7.51±0.039 
7.89±0.047 
4.34±0.034 
4.77±0.037 
4.96±0.035 
5.41±0.041 
5.81±0.044 
6.17±0.046 
6.66±0.058 
7.28±0.071 
7.86±0.061 
HOPE Bags 
0°C 
3.41±0.045 
3.49±0.031 
3.88±0.032 
4.06±0.031 
4.38±0.044 
4.76±0.041 
5.11±0.052 
5.68±0.050 
5.98±0.049 
6.28±0.043 
6.84±0.038 
7.22±0.037 
7.64±0.045 
-4°C 
3.41±0.044 
3.46±0.057 
3.64±0.068 
3.95±0.077 
4.24±0.055 
4.68±0.050 
4.91±0.078 
5.29±0.081 , 
5.77±0.087 
6.08±0.083 
6.54±0.077 
6.97±0.079 
7.49±0.082 
Table-4.18: Hedonic scale rating for preserved meat (cured+ Sodium 
ascorbate+smoked), stored at 0 and-4 °C and packed in HDPE and Ai 
foils (meaniSD). 
SA 
Packaging 
! Days 
Colour 
Odour 
Packaging 
Colour 
{ Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Cured + Sodium Ascorbate + Smoked meat 
HDPE at (0°C) 
0 
7.6 
7.3 
10 
7.0 
7.3 
20 
6.6 
7.0 
30 |40 
6.0 
6.3 
5.6 
6.0 
50 
5,6 
5.6 
60 
5.3 
5,3 
70 80 
4,6 
5.3 
4.6 
4.6 
90 
4.3 
4.3 
10 
4.3 
4.3 
110 1 120 
4.3 
4.0 
Al-foil at (0°C) 
8.0 
7.6 
7,6 
7.6 
7.0 
6,6 
6.6 
6.6 
6,0 
5.6 
5.6 
5,3 
5.3 
5.0 
4.6 
4.3 
4,3 
4.3 
4.3 
4,0 
4.0 
4.0 
4.0 
4.0 
HDPE at (-4°C) 
8.0 
8.0 
8.0 
8.0 
7.6 
7.6 
7.6 
7.3 
7,6 
7,3 
7,3 
7,0 
6.6 
6.6 
6.6 
6.3 
6.6 
5.6 
6,3 
5,6 
5.6 
5.3 
5.3 
5.3 
Al-foil at (-4°C) 
8.0 
7.6 
8.0 
7.6 
7.6 7.0 
7.3 6.6 
7,0 1 6,6 
6,3 6,0 
6,3 
5.6 
6.3 5.3 
5.6 5.6 
5.0 
4,6 
5.0 
4.0 
4.6 
4,0 
4.3 
4.0 
3.6 
3.3 1 
1 ! 
4.6 1 
4,6 ! 
4,3 
4.0 
103 
4.3.1.7 Curing with Poly Phosphate (Sodium Hexa Meta 
Phosphate). 
0 
The use of Poly phosphate in meat and meat product of beef. 
pork and chicken has been increasing due to their beneficial effects in 
improving the functionality of meat and the palatability and increased 
shelf-life of meat and meat products. Poly phosphates improve the 
physico-chemical properties of buffalo meat and the physico-chemical 
properties of meat improve with increasing level of phospOhate 
(Anjaneyiilu cl. al., 1989). Food grade Poly Phosphate or their blends 
are incoiporated in the formulation of meat curing brines, sausages and 
restructured meat products to enhance their quality in respect of water 
holding capacity (Hamm, 1960), meat particle- particle binding (Trout 
& Schmidt, 1984), emulsion stability (Knipe el.a/., 1985), yield 
(Matlock e/. al., 1984) colour, flavour and texture (Molins et.al., 1987) 
and to inhibit oxidative rancidity (Young et. al., 1987). It was found 
that curing in combination with antioxidant (Sodium Hexa Meta 
Phosphate) brought significant improvement in the colour, texture and 
odour as well as pH and reduces the growth of microbial population. 
Kondaiah el. al., (1985) reported that Salt and Sodium Hexa Meta 
Phosphate brings desirable effect on functional properties of buffalo 
meat. Sodium pyrophosphate. Sodium Hexa Meta Phosphate and 
blends improve the physicochemical properties of buffalo meat 
(Anjaneyulu et. al., 1989). Shults et. al., (1972) and Trout and Schmidt 
(1984) also demonstrated the superiority of SHMP and SPP over STPP 
in raising the pH of meat. 
In this combination i.e. curing with Sodium Hexa Meta 
Phosphate the effect was studied over control, cured and cured with 
Sodium Ascorbate treated meat samples. pH values of the curing 
combined with Sodium Hexa Meta Phosphate improved to 5.98 as 
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compared to 5.84, 5.88 and 5.91 for control, cured and cured with 
Sodium Ascorbate. During refrigerated storage at 0°C and -4°C,pH 
started decreasing till spoilage the shelf-life of described meat samples 
packed in Al-foii was found to be 60 days at 0°C while its counter part 
packed in HOPE had shelf-life of 70 days. Similar effectSwere also 
noted in case of both packaging material i.e. Al-foil and HDPE at -4°C 
t V 
storage. The shelf-life samples under both the packaging material was 
found to be 80 and 90 days respectively. pH value on 80* and 90* days 
of storage at -4°C in both the packaging material were found to be 
5.16 and 5.31 respectively (Table - 4.19). While the pH value of meat 
sample packed in both packaging material at 0°C on 60"^  and 70' days 
storage were 5.17 and 5.24 respectively. Curing combined with 
Sodium Hexa Meta Phosphate treatment had also remarkable effect on 
microbial coimt (Table - 4.20). The logarithmic value of TPC per gram 
of treated samples was foimd to be 3.12 just after treatment while the 
logarithmic value of TPC per gram for control, cured and cured 
treated with Sodium Ascorbate were found to be 4.29, 4.11 and 3.91 
respectively. Samples packed in both packaging materials Al-foil and 
HDPE were kept for refrigerated storage studied at 0°C and -A°C. 
Microbial count of sample given combined treatment of curing and 
Sodium Hexa Meta Phosphate started increasing but rate of microbial 
growth was slower as compare to control, cured and cured treated with 
Sodium Ascorbate meat samples. The samples had shelf-life at 0°C in 
both packaging material i.e. Al-foil and HDPE bags of 60 and 70 days 
while its counter part sample stored at -^ 4°C had shelf-life of 80 and 90 
days. The corresponding values of logarithmic value of TPC per gram 
were 6.81, 7.27 and 7.24 and 6.89 respectively. In raising the pH of 
buffalo meat , Sodium hexa meta phosphate is effective. Shultz 
et.al.,{l912) also reported similar findings in beef This study indicates 
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that poly phosphate treatment is significantly effective in increasing pH 
in buffalo meat. 
Addition of Sodium Hexa Meta Phosphate with caring has 
tremendous effect on sensory characteristics viz. colour, odour and 
texture of meat. It improved odour and colour of meat. The score valiie 
of Sodium Hexa Meta Phosphate treated meat sample for packed in ;\i-
foil and HOPE and kept at 0°C were faund to be 6.3, 6, 6 and 6.3 
respectively after 50 days while its counter part stored at -4 C had 
scored value of odour and colour 6.6, 6.6,6.6 and 6 respectively after 
50 days storage. Sodium chloride i.e. curing solution alone or v/lth 
Poly Phosphate significantly (P<0.01) improved the colour of biifr lo 
meat. Schwartz and Mandigo (1976) and Molins ct. al .,(1987) a!so 
reported in their work that by both visual scores and Lovibo;i.i 
tintometer red colour has improved score value. 
Table-4.19: Effects of treatment, packaging materials and storage 
conditions on pH of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat (mean ± SD). 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
m 
90 
pH 
Cured with Sodium Hexa Meta Phosphate treated' 
Al-foil 
0°C -4X 
5.98±0.02 
5.88±0.021 
5.68±0.02 
5.51±0.03 
5.32±0.026 
5.21±0.038 
5.17±0.037 
5.15±0.032 
5.08±0.027 
5.03±0.041 
5.98±0.031 
5.93±0.03 
5.76d=0.04I 
5.64±0.04 
5.40±0.028 
5.29±0.029 
5.22±0.03I 
5.18±0.041 
5.16±0.046 
5.09±0.038 
HDPE Bags 
0°C 
5.98±0.029 
5.92±0.024 
5.8I±0.028 
5.64±0.036 
5.43±0.038 
5.33±0.037 
5.29±0.04 
5.24±0.05I 
5.16±0.031 
5.11±0.016 
"4"C 
5.98i0,032 
5.96i-0.0;:7 
5.95i0.07J 
5.91i0,(.4 
5.87±0.038 
5.8H0.031 
5.71+0.044 
5.48±0.04() i 
5.35±0,047 1 
5.3]±0.038 j 
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Table- 4.20: Effects of treatment, packaging materials and storage 
conditions on TPC of cured with Sodium Hexa Meta Phosphate treated 
burralo meat 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
(meaniSD). 
TPC (log/g) 
Cured treated with Sodium Hexa Meta Phosphate 
Al-foil 
OX 
3.12±0.061 
4.21±0.063 
4.86±0.058 
5.21±0.054 
5.49±0.048 
6.07±0.046 
6.81±0.053 
7.43±0.05 
7.66±0.043 
7.93±0.040 
-4°C 
3.12±0.058 
3.71±0.051 
4.36±0.063 
4.94±0.071 
5.21±0.078 
5.78±0.066 
6.17±0.057 
6.81±0.055 
7.24±0.053 
7.88±0.068 
HDPE Bags 
0°C 
3.12±0.06 
3.93±0.072 
4.45±0.07l 
5.12±0.073 
5.41±0.078 
5.98±0.061 
6.86±0.06 
7,27±0.068 
7.55±0.036 
7.8]±0.033 
-4X 
3.]2±0.06 
3.44±0.056 
3.98±0.064 
4.26±0.067 ; 
4.91±0.065 : 
5.07±0.058 ! 
5.48±0.05 
5.93±0.061 1 
6.41±0.067 1 
6.89±0.079 1 
TabIe-4.21: Hedonic scale rating for cured with Sodium Hexa Meta 
Phosphate treated buffalo meat at refrigerated storage in HDPE and Al 
foils (mean ±SD). 
SA 
Packaging 
Days 
Colour 
i Odour 
' Packaging 
i Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
10 
8.0 
7.6 
7.6 
7.0 
8.0 
8.0 
8.0 
8.0 
Cured + Sodium Hexa meta phosphste meat 
20 
7.3 
7.0 
7.0 
6.3 
7.6 
7.6 
7.6 
7.3 
30 
6.6 
6.6 
6.6 
6.6 
7.3 
7.3 
7,0 
7.0 
HDPE at (0°C) 
40 
6.6 
6.3 
50 
6.3 
6.0 
60 
6.3 
6.0 
Ai-foil at (OX) 
6.3 
6.0 
HDP 
7.3 
7.0 
6.0 
5.6 
E at (-^  
6.6 
6.6 
Al-foii at i-^ 
6.6 
6.3 
6,6 
6.0 
5.0 
4.6 
IX) 
6.3 
6.3 
\°C) 
6.0 
6.0 
70 
6.0 
6.0 
5.0 
4.6 
6.3 
6.3 
6.0 
5.6 
80 
5.6 
5.6 
4.6 
4.3 
6.0 
6.0 
5,6 
5.6 
90 
5.6 
5.3 
100 
4.3 
4.0 
! 
6.0 
5.6 
i 
1 
5,3 
5.3 
4.3.1.8 Smoked meat sample treated with curing in combination 
with Sodium Hexa Meta Phosphate. 
Curing in combination with Sodium Hexa Meta Phosphate 
followed by smoking had improved the pH samples 6.78. pH value of 
combified treatment was better as compared to raw, raw smoked, cured 
and cured smoked, cured with Sodium Ascorbate treated and its 
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smoked samples. Curing and smoking in combination with Anti 
oxidants specially like Sodium Hexa Meta Phosphate lead to increment 
in keeping quality of meat samples. The samples were packed in Al-
foil and HDPE bags and kept for storage study at 0° and -4°C. pH 
value started decreasing during storage and the estimation was done 
until the sample was found to be in spoiled condition. Sensory attribute 
and total plate count were the indicative of shelf-life and finally spoiled 
condition of meat. The meat samples kept at 0°C packed in both 
packaging material Al- foil and HDPE bags was found to be in better 
condition even after J 00 days. The corresponding values of pH were 
5,61 and 5.78 respectively. Similar observations were noted for meat 
samples kept at -4° C packed in both packaging material Al-foil and 
HDPE bags shelf-life of the samples under -4°C Storage condition was 
found to be 120 days. Corresponding valued of pH were 5.74 and 5.83 
respectively. The combined treatment of curing with Sodium Hexa 
Meta Phosphate followed by smoking caused sufficient reduction in 
microbial population in comparison to all treatment which were taken 
in the present study. Logarithmic value of TPC per gram just after 
treatment was found to be 2.66 while the logarithmic value of TPC per 
gram of other sample were 4.28, 411, 3.61 and 3.41 for raw smoked, 
cured smoked and cured treated with Sodium Ascorbate followed by 
smoking respectively. 
The samples packed in both packaging material were kept for 
storage study at 0°C and -4°C. It was found that the logarithmic value 
of TPC per gram for both packaging material at 0°C were 6.92 and 
6.27 after 100 days for Al-foil and HDPE packed samples respectively. 
Similarly the storage study at -4°C of meat samples in both packaging 
material Al-foil and HDPE bags showed that the samples were in better 
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condition even after 120 days and coiresponding valne of logarithmic 
value of TPC per gram were found to be 7.44 and 5.86 respectively. 
Sensory attributes of Sodium Hexa Meta Phosphate treated 
smoked meat samples just after smoking and during the storage were 
evaluated with the help of expert panelists. It was found that the 
present combination i.e. smoked with cured and Sodium Hexa Meta 
Phosphate treated meat samples have better sensory characteristics in 
comparison to all samples taken in present study. It was found that 
smoking brought cherry red colour in Sodium Hexa Meta Phosphate 
treated meat samples, ft also improved texture and odour. During 
storage at 0°C and -4°C packed in both packaging material, the score 
value for sensory characteristic were 6.3 and 6.3 and 5.6 and 6.34 after 
60 and 80 days at 0°C for Al foil and HDPE respectively while the 
score value were 6 and 5.6 and 6.3 and 6.3 after 90 and 120 days at -
4°C for both packaging material respectively. 
Table-4.22: Effects of smoking, packaging materials and storage 
conditions on pH of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
pH 
Smoked and Cured treated with Sodium Hexa Meta Phosphate 
Al-foil 
0°C 
6.78±.04 
6.62±.04 
6.51±.045 
6.36±.051 
6.27±.053 
6.14±.050 
6.01±.044 
5.89±.040 
5.82±.031 
5.78±.038 
5.61±.046 
5.55±0.052 
5.36±0.042 
- 4 T 
6.78±.04 
6.74±.04 
6.61±.045 
6.48±.051 
6.41±.05 
6.27±.05 
6.21±.05 
6.11±.03 
6.01±.028 
5.92±.05 
5.81±.061 
5.80±.063 
5.74±.071 
HDPE Bags 
0°C 
6.78±.04 
6.71±.03 
6.58±.04 
6.41±.051 
6.38±.05 
6.23±.04 
6.18±.032 
6.04±.038 
5.89±.041 
5.80±.052 
5.78±.050 
5.71±0.036 
5.60±0.043 
-4°C 
6.78±.04 
6.78±.041 
6.70±.03 
6.66±.03 
6.59±.029 
6.47±.040 1 
6.32±.046 ; 
6.29±.048 
6.17±.051 1 
6.03±.053 ! 
5.91±.050 j 
5.88±.068 i 
5.83±.060 
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Table 4.23: Effects of smoking, packaging materials and storage 
conditions on TPC of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
In Days 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
TPC (log/g) 
Smoked and Cured treated with Sodium Hexa Meta 
Phosphate 
Al-foil 
0°C 
2.66±0.07 
2.98±0.051 
3.21 ±0.063 
3.48±0.060 
4.04±0.04 
4.66±0.04 
4.91±0.045 
5.48±0.05 
5.96±0.05 
6.41±0.06 
6.92±0.04 
7.23±0.035 
7.68±0.044 
-4°C 
2.66±.07 
2.91±.05 
3.07±.063 
3.29±.06 
3.85±.054 
4.24±.044 
4.68±.038 
4.97±.071 
5.38±.061 
5.91±.050 
6.44±.044 
6.86±.055 
7.44±.06 
HDPE Bags 
OX 
2.66±.068 
2.81±.038 
3.17±.044 
3.27±.051 
3.91±.055 
4.18±.050 
4.52±.050 
4.91±.046 
5.37±.033 
5.84±.07] 
6.27±.065 
6.66±0.051 
6.81±0.041 
-4°C 
2.66±.068 
2.76±.061 
2.94±.055 
3.14±.052 
3.66±.044 
3.97±.06 
4.21±.06 
4.46±.077 
4.85±.08 ! 
4.98±.05 
5.11±.071 
5.4U.063 
5.86±.054 
Table-4.24: Hedonic scale rating for preserved meat 
(cured+antioxidant, Plyphosphate+smoked), stored at 0 and-4 °C and 
packed in HDPE and Al foils. 
SA j cured+ Sodium Hexa Meta Phosphate +smoked i 
Packaging 
Days 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
Packaging 
Colour 
Odour 
HDPE at (0°C; 
0 
7.6 
7.6 
10 
7.6 
7.6 
20 
7.0 
7.0 
30 
6,6 
7.0 
40 
6.0 
6.3 
50 
6,0 
6.0 
Al-foi 
8.0 
8.0 
8.0 
8.0 
7.3 7.3 
8.0 1 7.6 
6.6 
7.3 
H 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
7.6 
7.6 
7,6 
7,6 
5.6 
6.6 
60 
5,6 
5,6 
70 
5.6 
5.3 
: 
80 
5.6 
5.3 
90 
4.6 
5.0 
10 
0 
4,6 
5,0 
110 
4.6 
4.6 
at (0°C) 
5.6 
5,6j 
5.6 
5.6 
5.6 5.6 
5.3 5.3 
5,3 
5.3 
5,3 
5,0 
[DPE at (-4°C) 
7.3 
7.6 
7,3 
7.3 
7.0 
7.3 
7.0 
7.3 
6.0 
7.0 
6.0 
6.6 
6,0 
6,6 
Al-foil at (-4°C) 
8.0 
8,0 
8.0 
8.0 
7.6 
7.6 
7.6 
7.3 
7,0 
7,0 
6,6 
6,6 
6,3 
6,3 
6.3 
6.0 
6.0 
5.6 
5,0 
5,6 
5.3 
5.0 
5,3 
5,0 
1 120 1 
4.6 
4.6 
5.0 
4.6 
6,0 
6,0 
5.0 
4.6 
Fig-4.1 Effects of packaging material and storage condition on pH of 
buffalo meat 
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Fig. 4.3 Effects of smoking, packaging materials and storage conditions 
on pH of Buffalo meat 
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Fig. 4.4 Effects of smoking, packaging materials and storage conditions 
on TPC of buffalo meats 
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Fig. 4.5 Effects of packaging materials and storage condition on pH of 
cured buffalo meat 
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Fig. 4.6 Effects of packaging materials and storage condition on TPC of 
cured buffalo meat 
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Fig. 4.7 Effects of smoking, packaging materials and storage condition on 
pH of cured buffalo meat 
- • - A ] foil,0°C ^ A ~ AI foil, -4°C - « - H D P E , 0°C -m-HDPE, -4°C 
6.6 
6.4-
6.2-
6.0 
K 5.8-j 
5.6 
5.4-
5.2-
5.0 1 1 1 1 T 1 1 1 1 1 1 1 
0 10 20 30 40 50 60 70 80 90 100 110 120 
Days 
6.50 -1 
6.25 
6.00 
^ 5.75 H 
5.50 
5.25 
5.00 
O Alfoil,-4°C; Y = 6.457-0.0103x; R'= = 0.9820 
V HOPE, 0°C; Y = 6.455-O.OIlSx; R^ = 0.9855 
• HOPE,-4°C; Y = 6.547-0.0089x; R^ = 0.9737 
— I 1 1 1 p _ 
0 10 20 30 40 
— I 1 1 1 1 1 1 1 — 
50 60 70 80 90 100 110 120 
Davs 
117 
Fig. 4.8 Effects of smoking, packaging materials and storage condition on 
TPC of cured buffalo meat 
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Fig. 4.9 Effects of packaging material ajid storage condition on pH of 
cured with sodium ascorbate treated buffalo meat 
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Fig. 4.10 Effects of packaging materials and storage conditions on TPC 
of cured with sodium ascorbat treated buffalo meat 
- • - Al foil, 0°C - ^ - AI foil, -4°C H I - HOPE, 0°C - • - - HOPE, -4°C 
8.5 1 
7.5 -
U 
P^ 5.5 
H 
4.5 -
3.5 1 1 1 1 1 1 1 1 1 
0 10 20 30 40 50 60 70 80 90 
Days 
9.0 
8.0 -
7.0 
p^  6.0 H 
5.0 -
4.0 
® Al foil, 0 °C; Y = 3.985 + 0.0498x; R' = 0.9731 
O Al foil,-4 "C; Y = 3.826 + 0.0469x; R- = 0.9907 
V HDPE, 0°C; Y = 3.942 + 0.044Ix; R^ = 0,9692 
• HDPE,-4°C; Y = 3.607 + 0.0397x; R ' = 0.9824 
3.0 — T — 
10 
— 1 — 
70 
— I — 
80 20 30 40 50 
Davs 
60 90 
120 
Fig. 4.11 Effects of smoking, packaging materials and storage condition 
on pH of cured with sodium ascorbat treated buffalo meat 
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Fig. 4.12 Effects of smoking, packaging materials and storage condition 
onTPC of cured with sodium ascorbate treated buffalo meat 
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Fig. 4.13 Effects of packaging material and storage condition on pH of 
cured with sodium hexa meta phosphate treated buffalo meat 
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Fig, 4.14 Effects of packaging materials and storage condition on TPC of 
cured with sodium hexa meta phosphate treated buffalo meat 
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Fig. 4.15 Effects of smoking, packaging materiais and storage conditions 
on pH of cured with Sodium Hexa Meta Phosphate treated buffalo meat. 
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Fig. 4.16 Effects of smoking, packaging materials and storage coriditions 
on T.P.C. of cured with Sodium Hexa Meta Phosphate treated buffalo 
meat. 
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4.3.2 Texture Analysis of Meat Samples after treatment and 
during storage studies. 
The term texture can refer to many attributes of any meat 
products. From sensory point of view, size and shape of meat, 
fibrousness, first bite hardness, uniformity of first bite and chewed 
particles, amounts of detectable connective tissue and springiness have 
all been identified as important textural properties of meat. 
Instrumental studies have revealed that adhesion change in stress in 
relation to strain in shearing, compression, maximum shear stress, 
energy to rupture sample, break tests, tensile strength and puncture 
tests all provide useful information about textural properties of meat. 
As Pedersen et. al., (2001) reported that biochemical composition of 
muscle is an important factor that affects meat quality. Studies have 
revealed that the collagen content alone cannot be considered a reliable 
parameter for textural properties. The tougher muscle, semitendinosus 
contain more decorin than the tender muscle psoas major, but less 
decorin per collagen. The decorin is a better parameter to study in 
relation to textural properties in bovine muscle. 
Many studies have used sensory methods to measure texture 
properties in meat and meat products. A trained panel generally 
evaluates properties like tenderness, juiciness and connective tissue. 
However, many of the studies have included a categorization system 
for texture or simply asked panelists to evaluate texture desirability. 
Measurements of several other textural properties using descriptive 
attribute panels have been reported. Cohesiveness has been measured 
on both beef and pork and its products. The hardness value is the peak 
force of the first compression of the sample. The hardness need not 
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occur at the point of deepest compression, although it typically does 
for most products (Breene, 1975). 
4.3.2.1 Texture Analysis of Raw Meat. 
The process of conversion of the live animal to the carcass can 
have a significant effect on meat tenderness, therefore, the slaughter 
process and the environmental conditions during slaughter should be 
controlled as closely as possible to protect the textural deterioration 
(Locker, 1960). 
Texture analysis of raw buffalo meat was conducted within 24 
hours of storage and during refrigerated storage condition at 0°C and -
4°C at regular intervals of 20,40 and 60 days under different packaging 
materials i.e. Al-foil and HDPE bags. It was found that the positive 
peak force measuring the hardness of raw buffalo meat was 11574.4 g 
when analysis was made for buffalo meat on second day, the sample 
was packed in Al- foil and kept for storage at 0°C. The counter part 
sample packed in HDPE bags and kept at 0°C for storage study was 
found to have positive peak force as 11571.4 g. Similarly the samples 
packed in both packaging material and kept for storage study at -4°C 
had positive peak forces 11714.2 g and 13728.6 g respectively. The 
measurement of hardness of these samples in fresh condition from 
positive peak forces obviously was differing. This difference was due 
to difference in composition of muscle (presence of connective 
tissues). The presence of connective tissue adds hardness and leads to 
mcrement in positive peak forces. The effort was made to maintain the 
uniformity of sample and perhaps it was the reason that the positive 
peak forces did not differ greatly. Some time it happens that the 
presence of connective tissues lead to addition of positive peak force 
up to 500-2000 g. It was found that the hardness of meat started 
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decreasing during storage at 0°C and ~4°C for the samples either 
packed in Al-foil or HDPE bags. Texture measurement was conducted y'^ , 
consecutively after 20, 40 and 60 days. The meat sample packed in Al-
foil and HDPE bags was found to be in spoiled condition after 30 days. '' , 
The positive peak forces of both samples in spoiled condition (after 40 
days) were measured as 9600. Ig and 9019.Og respectively at 0°C. 
Similarly meat samples packed in both packaging material kept at 
4° C storage were found to have shelf-life of 50 days each. These 
samples were found to be spoiled when measurement of TPC and 
texture analyses were carried out after 60 days. Positive peak forces 
were found to be 8240.0 g and 6997.3 g respectively. 
4.3.2.2 Texture analysis of Cured buffalo meat 
Texture analysis of cured buffalo meat was also conducted after 
treatment and during the refrigerated storage conditions at 0°C and -
4°C under different packaging material Al -foil and HDPE bags. It was 
found that the positive peak force measuring the hardness of cured 
samples on 2""^  day of storage were 13620.5 g and 17315.4 g for 
samples packed in Al- foil and HDPE at 0°C, Wliile the peak forces for 
sample packed in Al- foil and HDPE bags at -4°C were 16680.7 
and 20926.2 respectively. The increased values of positive peak force 
is due to the treatment of curing solution and storage temperature i.e. -
4°C. Storage at -4°C temperature produced hardness in the meat 
sample after 24 hrs. Which caused increment in positive peak force up 
to 16680.7 and 20926.2 g while storage at 0°C, it did not increased as 
such. During storage study, it was found that hardness started 
decreasing for samples packed in Al -foil and HDPE at storage 
temperature 0°C and -4°C. Results of texture analysis revealed thaf' j , \ , 
'I /' 
samples had higher positive peak forces on 2" day of storage in^  
comparison to raw meat. Texture measurement for cured meat was 
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conducted regularly after 20,40, 60 and 80 days. The positive peak 
forces of both samples in spoiled condition after 60 days were 
measured as 9069.Og and 11400.3 g for samples packed in Al- foil and 
HDPE bags stored at 0° C respectively while its counter part samples 
packed in Al- foil and HDPE bags stored at -4°C had positive peak 
force value were 8747.4g and 12664.7g after 60 days respectively. 
Ockerman (1980) reported that tenderness increased with storage time 
but was not affected by nitrate. 
4.3.2,3 Texture Analysis of Cured with Sodium Ascorbate 
treated meat samples 
Texture analysis of cured with antioxidant Soduim Ascorbate 
treated meat samples were conducted within 24 hrs of storage and 
during entire refrigerated storage temperatures at 0°C and -4°C under 
different packaging materials Al-foil and HDPE at regular interval i.e. 
on 20, 40, 60 and 80 days. It was found that the positive peak forces 
measuring the hardness of cured with antioxidant "Sodi um Ascorbate 
treated meat samples on the second days of storage were 15338.6g and 
22261.0 g for samples packed in Al -foil at 0°C and -4°C respectively 
while the value of positive peak forces for sample packed in HDPE 
bags were 17089.0 g and 23356.0 g at 0°C and -4°C respectively. Here 
once again the value of positive peak forces for samples stored at -4° C 
were found to be increased in comparison to the samples stored at 0°C. 
The same reason that the storage temperature i.e. -4°C caused hardness 
in meat sample as compared to other sample. In this texture analysis 
the peak forces after 2"^ ^ day, were more in comparison to the value of 
peak forces of raw meat and simply cured meat samples. The reason is 
almost same that the curing as well as antioxidant Sodium Ascorbate 
treatment produced hardness with the storage temperature -4°C. 
Further texture analysis study showed that the hardness started 
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decreasing, but slowly in comparison to previous samples, packed in 
either Al- foil or HDPE bags at refrigerated storage temperatures 0°C 
and -4°C. The value of positive peak force reached to the value of 
9069.5g for samples packed in Al -foil at 0°C after 60 days on the 
other hand the positive peak force value of sample packed in HDPE 
bags reached 9025.5g at 0°C after 60 days. While its counterpart 
samples packed in Al -foil at ^ ° C had positive peak force value of 
10032.2 g after 80 days and positive peak force value for samples 
packed m HDPE at - 4 X was 8272.8 g after 80 days. However, the 
shelf-life of cured treated with antioxidant Sodium Ascorbate sample 
was 50 and 60 days for sample packed in Al foil and HDPE at 0°C and 
60 and 70 days for samples packed on Al foil and HDPE at -4°C. It 
has been also observed that the texture analysis of cured meat samples 
treated with Sodium Ascorbate had higher positive peak values at 
every observation in comparison to the raw and simply cured meat 
samples. 
4.3.2.4 Texture Analysis of Curing with Sodium Hexa Meta 
Phosphate Treated Meat Samples. 
Texture Analysis of cured meat treated with Sodium Hexa Meta 
Phosphate was conducted within 24 hrs of storage and during, 
refrigerated storage at 0°C and -4°C under different packaging!' 
materials Al- foil and HDPE bags at regular intervals i.e. on 20, 40 60i 
and 80"^  days. It was found that the positive peak force measuring the 
hardness of the sample on the second day of storage were 16358.6 g 
?.nd 19208.2g for samples packed in Al -foil and HDPE at 0°C 
respectively. While its coimter part had value of positive peak force as 
22261.0 g and 25381.1 g for samples packed in Al -foil and HDPE 
bags at -4°C respectively. Here once again the results showed the 
effect of treatment, packaging material and mainly storage 
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temperatures on the texture of meat. The resuh shows that the 
temperature and treatment given to the meat samples has directly 
affected the texture of meat. In many cases at the time of analyzing the 
textural properties of meat, the connective tissues have also produced 
resistance, increasing the peak force. But the general trend of texture 
analysis revealed that the hardness of meat samples is due to the 
storage temperature and treatments given to the meat samples. In the 
case of Sodium Hexa Meta Phosphate treated meat samples, it has 
higher positive peak values in comparison to raw, cured and Sodium 
Ascorbate treated samples. Further texture analysis study showed that 
the hardness started decreasing but in comparison to all previous 
samples, it went down slowly packed in either Al -foil or HDPE stored 
at 0°C and -4°C. The value of positive peak force reached the 
minimum 9215.0 g for samples packed in Al -foil at 0°C after 60 days. 
Wliile sample packed in Al -foil at -4°C after 80 days had value of 
positive peak force 9611.7 g. On the other hand the samples packed in 
HDPE had value of positive peak force 9601.7 g at 0°C and 9820.7 g at 
"4°C respectively after 80 days of storage. Treatment of Sodium Hexa 
Meta Phosphate has improved the texture and meat samples became 
more compact as compared to raw buffalo meat samples. The low 
temperature -4°C added more hardness and extended shelf-life. The 
texture of meat samples were maintained for longer time at -4°C as 
compared to samples stored at 0°C. 
4.3.2.5 Texture Analysis of Smoked Raw Buffalo Meat. 
Texture analysis of smoked raw buffalo meat was conducted 
within 24 hrs of storage and during entire refrigerated storage at 0°C 
and -4°C with different packaging material Al-foil and HDPE. 
Smoking caused dehydration. It is evident from the textural graph that 
the positive peak forces has increased due to dehydration and partial 
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cooking effect as compared to raw buffalo meat on the very second day 
when the textural analysis was conducted the positive peak force was 
found to be 12396.6 g and 13488.2 g for samples packed in Al -foil 
and HDPE at 0°C respectively. At the other hand the positive peak 
forces for raw meat were 13728.4 g and 15536.2 g for samples packed 
in Al -foil and HDPE at -4°C. But in the case of ^impli raw meat, the 
positive peak force was found to be 11547.4g and 11571.4 g, for 
samples packed in Al -foil and HDPE at 0°Cand 11714.2g and 
13728.6g for samples packed in Al-foil and HDPE at -4°C. The 
samples were kept for storage study and on 20, 40 and 60 days the 
texture analysis was conducted. It has been found that as usual the 
samples started loosening its texture with increasing time. But the peak 
force shows that the softening in texture is little bit slow for smoked 
sample as compared to the raw meat samples. Smoking caused the 
partial denaturation and dehydration effect on meat, this was the cause 
of increment of positive peak force for smoked meat samples. The 
positive peak force were to be 10299.6 g and 7362.9 g for samples 
packed in Al -foil and HDPE respectively at 0°C after 40"^  days of 
storage. The positive peak force was found to be 8195.9 g and 11954.2 
g for samples packed in Al -foil and flDPE at -4°C. It is very clear 
from the texture analysis graphs and the value of positive peak forces, 
the smoking has influence the shelf-life. It has been found that the 
temperature also affected the shelf-life. Smoking leads to antimicrobial 
and antioxidant effect-^ in meat. It was one reason of extension of shelf-
life. -4°C storage further extended the shelf-life as lower the 
temperature, more slow will be the microbial growth. It was another 
reason that sample kept at -4°C has extended shelf-life as compared to 
sample kept at 0°C. 
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4.3.2.6 Texture analysis of smoked cured buffalo meat. 
Texture analysis of smoked cured buffalo meat was conducted-
within 24 lirs of storage and during storage period 20, 40,60 and 80 
days at 0°C and -4°C packed in different packaging materials Al-foil 
and PIDPE. In this analysis of smoked and cured meat, there is 
smoking! an extra affecting factor including curing treatment, 
packaging material and storage conditions. Smoking is causing 
dehydration and partial cooking effect on meat samples, which leads to 
the toughening of meat samples. Smoking as well as curing both 
prohibit^the growth of microorganism, that is why rate of deterioration 
became slow in comparison to only cured and raw samples, increasing 
the shelf-life. The positive peak values for samples packed in Al -foil 
at 0°C and -4°C within 24 lirs of storage was 15773.7 g and 16754.9 g 
respectively, on the other hand the positive peak force value for only 
cured samples were 13620.5 g and 16680.2 g at 0°C and -4°C for 
samples packed in Al -foil. This value shows the hardness of smoked 
and cured samples in comparison to only cured samples. The positive 
peak values of samples packed in HDPE at 0°C and -4°C were 
19336.2 g and 21748.7 g respectively. While the positive peak values 
for only cured meat was 17315.4 g and 20926.2 g for samples packed 
in HDPE at 0°C and -4°C. The variation shows the superiority of 
smoked samples over only cured samples. The storage temperature i.e. 
-4°C is also playing major role in the improved texture over 0°C with 
packaging material PiDPE. The rate of softening of the meat sample is 
also slow than only cured sample and raw smoked meat samples. The 
value of positive peak force after 80 days of storage were 10225.1g and 
12951.9g for samples packed in Al -foil at storage temperature 0°C and 
-4°C respectively. While the positive peak value of its counter part 
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samples packed in HDPE at 0°C and -4°C were 9608.7g and 8651.4g 
respectively after 80 days of storage. 
4.3.2.7 Texture analysis of cured with Sodium Ascorbate 
Treated meat samples followed by smoking. 
Texture analysis of cured with Sodium Ascorbate treated meat 
sample followed by smoking were conducted within 24 lirs of storage 
and entire storage period at the intervals of 20,40,60 and 80 days^ On^  
the very first study, the positive peak force for samples packed in Al -' 
foil and HDPE at 0°C were 20989.7 g and 21040.4 g respectively. On 
the other hand the positive peak force values for sample packed in Al -
foil and HDPE at -A°C were 21298.0 g and 23168.6 g respectively. 
There are four factors affecting the texture in this case i.e. curing with 
Sodium Ascorbate, packaging material, storage condition and smoking. 
In the case of non- smoked meat samples, due to the presence of water 
in meat, when it was kept in -4°C the formation of ice particle inside 
the meat was producing more positive peak force and making 
difference with the samples stored at 0°C. But in the case of smoked 
meat sample, due to the dehydration and partial cooking, loss of water 
takes place. Thus fomiing less ice particle inside the meat samples. 
That is why the difference in positive peak forces in sample either 
packed in Al-foil or HDPE or kept at 0°C and -4°C, is less in 
comparison to the case of non-smoked samples. It has been observed in 
further texture analysis, the rate of decreasing of positive peak forces 
were slow. After 60 days of storage, the positive peak forces for 
samples packed in Al -foil and HDPE at 0°C were 12241.9 g and 
13959.0 g. and at -4°C the positive peak forces were 13988.2 g and 
13815.6 g respectively. After 80 days of storage the positive peak 
forces for samples packed in Al-foil and HDPE at 0°C were 10225.1 g 
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and 12553.7 g and at -4°C the positive forces were 11384.6 g and 
11163.9 g respectively. 
4.3.2.8 Texture Analysis of curing combined with Sodium Hexa 
Meta Phosphate Treated Meat samples followed by smoking. 
The texture Analysis of curing combined with Sodium Hexa 
Meta Phosphate treated buffalo meat and followed by smoking were 
conducted for the study of shelf-life. Combination of Poly phosphate in 
curing with the treatment of smoking have been found best among all 
the treatments given to the meat samples and has extended shelf-life of 
120 days for samples packed in either Al -foil or HDPE at -4°C. The 
pH and TPC value of treated samples were under limit. The texture 
analyses were conducted starting from first day of storage to entire 
storage period. The values of positive peak force measuring the 
hardness for samples packed in Al-foil and HDPE at 0°C were 20989.7 
g and 23168.7 g while its counterpart samples had positive peak force 
value on at -4°C 21298.0 g and 29418.7 g. Phosphates increased the 
textural attributes of products due to increased meat particle binding 
(Pepper and Schmidt, 1975; Trout and Sclnnidt, 1984; Young et. al, 
1987). Polyphosphate in combination with curing influences water 
binding, cooking loss, meat binding and textural properties of meat. 
The treatment of raw meat with common salt and polyphosphate, 
Sodium Hexa meta phosphate (SHMP) utilized for development of 
meat products caused improvement in ultimate quality of these 
products. The products developed from treated sample were superior in 
sensory and textural properties. Textural study conducted just after 
preparation of meat samples by SMS texture analyzer, revealed that the 
treatment of curing combined with polyphosphate had remarkable 
effects on textural properties of buffalo meat. Treatment made the 
samples more compact and improved in juiciness (Hoda et. al., 2002). 
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Keeping the samples for storage study, it started loosing its texture but 
very slowly in comparison to all other previous samples because it has 
minimum amount of water present in the meat samples due to the 
smoking, either packed in Al -foil or HDPE or kept at 0°C or -4°C. 
Although refrigerated temperature -4°C had increased the shelf-life 
of sample of curing combined with Sodium Hexa Meta Phosphate up 
to 120 days in better conditions (pH, 5.74 and 5.83 for samples packed 
in Al -foil and HDPE at -4°C and TPC 7.44 and 5.86). After 100 
days of storage the value of positive peak force for sample packed in 
Al -foil and HDPE at OT were 11840.0 and 16020.5 g respectively. 
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Fig-4.17:Effect of Refrigerated Storage (0 °C ), and Packaging 
material(Al-foil) on hardness/tenderness of raw buffalo meat. 
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Fig-4.18;Effect of Refrigerated Storage (-4 °C ) and Packaging Material 
(Al-foil) on hardness/tenderness of raw buffalo meat. 
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Fig-4.19 .-Effect of Refrigerated Storage (0 °C ), and Packaging 
Material(HDPE) on hardness/tenderness of raw buffalo meat. 
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Fig-4.20:Effect of Refrigerated Storage (-4 °C) and Packaging 
Material(HDPE) on hardness/tenderness of raw buffalo meat. 
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Fig-4.21:Effect of Refrigerated Storage (0 °C), and Packaging material(Al-foil) 
on hardness/tenderness of cured buffalo meat. 
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Fig-4.22:Effect of Refrigerated Storage (-4 °C ), and Packaging materia^(Al-foil) 
on hardness/tenderness of cured buffalo meat. 
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Fig-4.23 :Effect of Refrigerated Storage (0 °C), and Packaging material(HDPE) 
on hardness/tenderness of cured buffalo meat. 
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Fig-4.24:Effect of Refrigerated Storage (-4 °C ), and Packaging material(HDPE) 
on hardness/tenderness of cured buffalo meat. 
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Fig-4.25:Effect of Refirigerated Storage (0 °C ), and Packaging material(Al-foil) 
on hardness/tenderness of cured with Sod. Asc. Treated buffalo meat. 
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Fig-4.26-.Effect of Refrigerated Storage (0 °C ), and Packaging material(Al-foil) 
on hardness/tenderness of 9ured with Sod. Asc treated buffalo meat. 
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Fig-4.27:Effect of Refrigerated Storage (0 °C), and Packaging material(HDPE) 
on hardness/tenderness of cured with Sod. Asc treated buffalo meat. 
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Fig-4.28:Effect of Refrigerated Storage (-4 °C), and Packaging material(HDPE) 
on hardness/tenderness of cured with Sod. Asc treated buffalo meat. 
149 
Force (g) 
18000-
16000-
14000-
12000-
10000-
8000-
6000-
4000-
2000-
^OOO-" 
17.5 20.0 
Time (sec] 
Fig-4.29:Effect of Refrigerated Storage (0 °C ) and Packaging material(Al-foil) 
on hardness/tenderness of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
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Fig-4.30:Effect of Refrigerated Storage (-4 °C ) and Packaging material(Al-foil) 
on hardness/tenderness of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
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Fig-4.31 :Effect of Refrigerated Storage (0 T ) and Packaging material(HDPE) 
on hardness/tenderness of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
152 
Fotce (g) 
300001 
25000-
20000-
150O0-
10000 
5000-
-5000' 
CO 2,5 
1 
5.0 7,5 
-T 
10.0 12.5 15% / ; 17.5 20,0 
Time (sec.) 
Fig-4.32:Effect of Refrigerated Storage (-4 °C ) and Packaging material(HDPE) 
on hardness/tenderness of cured with Sodium Hexa Meta Phosphate treated 
buffalo meat. 
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Fig-4.33:Effect of smoking, refrigerated Storage (0 °C ), and Packaging material 
(Al-foil) on hardness/tenderness of raw buffalo meat. 
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Fig-4.34:Effect of smoking, refrigerated Storage (-4 °C ), and Packaging material 
(Al-foil) on hardness/tenderness of raw buffalo meat. 
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Fig-4.35:EfFect of smoking, refrigerated Storage (0 °C ), and Packaging 
material(HDPE) on hardness/tenderness of raw buffalo meat. 
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Fig-4.36:Effect of smoking, refrigerated Storage (-4 °C ), and Packaging 
material(HDPE) on hardness/tenderness of raw buffalo meat. 
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Fig-4.37:Effect of smoking, refrigerated Storage (0 °C ), and packaging 
material(Al-foil) on hardness/tenderness of cured buffalo meat. 
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Fig-4.38:Effect of smoking, refrigerated Storage (-4 °C ) and packaging 
material(Al-foil) on hardness/tenderness of cured buffalo meat. 
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Fig-4.39;Effect of smoking, refrigerated Storage (0 °C) and packaging 
material(HDPE) on hardness/tenderness of cured buffalo meat 
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Fig-4.40:Effect of smoking, refrigerated Storage (-4 °C) and packaging 
material(HDPE) on hardness/tenderness of cured buffalo meat. 
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Fig-4.41:Effect of smoking, refrigerated Storage (0 °C), and packaging 
material(Al-foil) on hardness/tenderness of cured with Sod. Asc. Treated buffalo 
meat. 
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Fig-4.42.Effect of smoking, refrigerated Storage (-4 °C ), and packaging 
material(Al-foil) on hardness/tenderness of cured with Sod. Asc. Treated buffalo 
meat. 
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ig-4.43.Effect of smoking, refrigerated Storage (0 °C ), and Packaging 
material(HDPE) on hardness/tenderness of cured with Sod. Asc. Treated buffalo 
meat. 
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Fig-4.44:Effect of smokmg,refrigerated Storage (-4 °C), and packaging 
material(HDPE) on hardness/tenderness of cured with Sod. Asc. treated buffalo 
meat. 
165 
Force [g; 
22500 
20000-
17500-
15000-
12500 
10000-
5000-
Fig-4.45:Effect of smoking, refrigerated Storage (0 °C ) and packaging 
material(Al-foil) on hardness/tenderness of cured with Sodium Hexa Meta 
Phosphate treated buffalo meat. 
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Fig-4.46:Effect of smoking, refrigerated Storage (-4 °C ) and packaging 
material(Al-foil) on hardness/tenderness of cured with Sodium Hexa Meta 
Phosphate treated buffalo meat. 
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Fig-4.47:Effect of smoking, refrigerated Storage (0 °C ), and Packaging 
material(HDPE) on hardness/tenderness of cured with Sodium Hexa Meta 
Phosphate treated buffalo meat. 
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Fig-4.48:Effect of smoking, refrigerated Storage (-4 °C ), and Packaging 
material(HDPE) on hardness/tenderness of cured with Sodium Hexa Meta 
Phosphate treated buffalo meat. 
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Configuration applied for the texttire analysis of raw and treated 
buffalo meat samples fresh and during storage under different 
packaging materials at different storage temperatures. 
Pre-test speed 
Test speed 
Post test speed 
Distance 
Trigger type 
Data acquisition rate 
Force 
2.0 mm/sec 
2.0 mm/sec 
10.0 mm/sec 
30 mm 
Auto 
200p.p.s. 
500 g 
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Table-4.25 Texture Analysis for measurement of hardness (mean peak force in 
'g'±S.D) of raw and treated meat samples kept under refrigerated conditions 
during storage. 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Al-
o°c 
11547.4±465.3 
11071.0±532.1 
9600.1±254.3 
7943.Oil 98.3 
Al-
0°C 
13620.5±368.9 
10299.6±541.3 
9171.6±426.3 
9069.0±452.0 
A1-] 
0°C 
15338.6±541.5 
13086.2±284.3 
11459,0±464.3 
9068.5±258.1 
Al-J 
0°C 
]6358.6±512.0 
]4640.0±624.3 
12683.3±354.1 
9215.0±635.1 
Raw 
Foil 
-4°C 
1]714.2±631.4 
1]240.5±547.8 
9019.0±478.5 
8240.0±542.1 
HOPE 
0°C 
11571.4±236.2 
11235.2±456.l 
9119.2±158.6 
8239.4±634,1 
Cured 
Foil 
-4°C 
16680.7±365.2 
13620.5±351.2 
11459.0±957.2 
8747.4±624.5 
10225.1±357.0 
Cured+ Sodi 
Foil 
-4°C 
22261.0±258.6 
19256.0±654.2 
16358.6±456.2 
13508.2±159.8 
]0032.2±357.5 
Cured+ Sodium He 
o^il 
-4°C 
22261.0±654.1 
19256.5±365.1 
14540.1±452,3 
12396.0±623.5 
9601.7±326.5 
-4°C 
13728.0±473.6 
12052.0±284.4 
8195.9±613.5 
6997.3±465.8 
HDPE 
0°C 
17315.4±452.1 
15252.9±364.8 
15133.3±741.3 
11400.3±684.2 
10225.1±351.9 
9806.4±258.3 
urn Ascorbate 
-4°C 
20926.2±359.4 
18525.2±684.2 
17519.6±456.8 
12664.7±.960.2 
8239.0±536.3 
7224.1±364.2 
HDPE I 
0°C 
17079.9±524.6 
13488.8±631.5 
11229.7±201,5 
9052.5±4]2.7 
6803.8±381.5 
xa Meta Phosphate 
HD 
0°C 
19208.2±350.2 
15536.2±523.1 
13728.0±123,5 
13155.6±624.0 
9611.7±350.8 
-4°C 
23356.5±547.9 | 
20311.5±479.1 
]5536.2±135.7 
11278.5±428.9 
8272.8±632.1 > 
! 
J 
i 
PE 
-4°C 
25381.1±457.9 
23]68.7±356.1 
20926.2±256.4 
18525.7±574.8 
17924.7±456.1 
16020.5±536.1 
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Table- 4.26 Texture Analysis for measurement of hardness (mean peak force in 
'g'±S.D) of treated and smoked meat samples kept under refrigerated conditions 
during storage. 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Days 
2 
20 
40 
60 
80 
100 
120 
Al-
ex 
12396.6±365.2 
11459,0±652.3 
10299.6±198.7 
9571.0±426.3 
9066.0±321.5 
Al-
0°C 
15773.7±354.2 
14272.2±256.8 
13981.2±432.1 
12384.2±524.6 
10225.1±652.0 
A!-
0°C 
20989.7±365.9 
18534.9±542.1 
16096.9±456.3 
12241.9±324.5 
10225.1±196,8 
Cure 
Al-I 
0°C 
21009.7±865.2 
17991.7±745.3 
]4586.8±705,3 
13950.1±691.2 
11770.2±568.7 
9866.4±356.9 
9019.8±211.5 
Raw+Smoked 
l^ oil 
-4°C 
13728.4±190.8 
9428.5±358.4 
8I95.9±456.2 
6997.3±536.4 
6299.4±520.1 
HDPE 
OX 
13488.2±258.9 
I1954.6±634.5 
7362.9±842.3 
7126.6±630.4 
5623.3±523.4 
Cured +Smoked 
Foil 
-4°C 
16754.9±296.8 
15695.4±358.7 
14396.6±I84.3 
13370.8±199.3 
12951.9±325.7 
Cured+ Sodium A 
Foil 
-4°C 
21298.0±391.4 
20825.0±631.4 
15769.7±359.8 
13988.2±541.3 
11384.2±457.4 
d+ Sodium Hexa IV 
o^il 
-4°C 
21407.8±468.5 
20475.6±856.3 
17481.3±157.6 
14396.3±456.3 
12951.9±632.5 
11840.0±326.5 
10657.1±245.I 
-4X 
15536.2±542.6 
13086.2±63].0 
11954.2±200.8 
9052.7±168.4 
7126.0±353.6 
HDPE 
0°C 
19336.2±435.2 
15536.2±146.5 
13728.2±325.6 
13155.6±487.6 
9608.7±486.2 
scorbate+Smoked 
-4X 
21748.7±634.9 
17079.5±258.1 
13488.8±487.9 
9052.7±168,9 
8651.7±635.2 
j 
HDPE 1 
OX 
21040.4±426.5 
18550.9±351.9 
14585.0±435.1 
13959.0±629.4 
12553.7±410.6 
11870.2±652.1 
eta Phosphate+Smo 
HD 
OX 
23168.7±421.0 
20926.5±3 65.1 
17973.5±683.2 
16032.3±648.2 
14991.5±498.3 
11393,3±456.2 
10285.4±247.6 
-4X ! 
23168.6±147.9 \ 
20921.6±648.2 ; 
17973.3±158.9 \ 
13815.6±563.2 
11163.6±354.9 i 
9604.9±651.3 
i 
ked j 
PE 1 
-4X 1 
29418.7±543.2 
23365.5±356,1 
19208.5±287.3 
15536.5±684.3 
14887.4±524.3 
13002.4±]59.8 I 
9820.7±325,8 1 
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Condusion 
CHAPTER-5 
CONCLUSION 
Keeping all the stated points in mind, discussed in the literature 
review, tlie present study was conducted in the Department of Post 
Harvest Engg. and Technology of A.M.U. Aligarh to investigate the 
effects of smoking, curing and antioxidant treatments individually and-
in combinations on various physico-chemical, microbiological and 
-A 
textural properties of raw buffalo meat .^he effects ,of packaging 
material and storage condition on shelf life of buffalo meat was also 
investigated. The proximate composition of raw buffalo meat was 
found to be protein 19±1%, fat 10±1%, moisture content 70±3%, and 
ash content 2±1%. During experimentation it was found that raw meat 
developed optimum level and desirable characteristics of smoking i.e. 
glossy surface finish blooming of colour and tenderization of tissues 
and uniform dehydration nearly after 8 hours of continuous smoking at 
50-60"C temperature while cured as well as cured with antioxidants 
treated samples took 9 hours of smoking in achieving the same 
desirable characteristics described earlier. Initially, pH of raw buffalo 
meat was 5.84. Decreasing trends of pH was observed during further 
storage. It was found that pH of raw meat packed in HDPE bags and 
Al-foils stored at 0"C reached to a value of 5.11 and 5.01 respectively 
after 40 days in each case. 
Logarithmic value of TPC per gram of raw buffalo meat samples 
was 4.29. After 40 days of storage it went to 5.97 & 6.91 for HDPE 
and Al-foil packed at - 4 C. The meat sample had desirable colour, 
texture and aroma. The colour started fading with storage. Smoking 
considerably reduced the microbial population in raw meat. 
Logarithmic value of TPC per gram just after smoking was found to be 
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4.20 and pH increased up to 6.14, thus the increase in pH was by 0.3 
units over raw meat. During storage colour was not entirely lost even 
after reaching spoilage condition. This was perhaps due to the surface 
coating of smoke on meat. 
Study on curing of raw buffalo meat was also conducted. It was 
found that cured meat improved in pH by 0.04 units over controlled 
meat samples. The cured meat samples were packed in HDPE & Al 
foils and kept for storage study at 0°C and -4''C. From the results of 
Storage study, it was found that the logarithmic value of TPC per gram 
started increasing slowly and the cured meat samples were found to be 
in spoiled condition after 50 & 40 days for HDPE bags & AI foil 
packaging respectively at 0°C and samples at -4°C has shelf-life 60 & 
50 days respectively for HDPE & Al foils. Combined treatment of 
curing and smoking was also taken for study to see the effect on pH of 
raw buffalo meat. There was considerable improvement in pH of cured 
and smoked meat samples over raw buffalo meat. Improvement in pH 
is indicative of meat quality and extension of shelf life during i 
refrigerated storage. There was slow increment in microbial population 
after 50 days. Logarithmic value of TPC per gram for HDPE and Al 
foil packed samples were found to be 6.68 and 7.91 respectively at 0"C 
storage while the value of logarithmic value of TPC per gram for the 
counter part samples stored at -4"C were 5.82 and 6.81 respectively. 
The shelf-life determination was based on sensory characteristics and 
microbial characteristics. Two antioxidants Sodium Ascorbate and 
Sodium Hexa Meta Phosphate (SHMP) were chosen for treatments in 
combination with meat curing. In the first combination, curing was 
combined with Sodium Ascorbate and its additional effect was studied 
over control and cured meat. pH values of the curing combined with 
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Sodium Ascorbate treated meat sample improved to 5.91 as compared 
to 5.84 and 5.88 for control and cured meat. 
The shelf life of sample under both packaging material was 
found to be 60 & 70 days respectively. Sodium Ascorbate has positive 
effect on sensory characteristics of meat. Particularly the combined 
treatment improved odour and colour of meat. Curing in combination 
with Sodium Ascorbate and smoking had improved the pH meat 
samples to 6.54. pH value of combined treatment was better as 
compared to all previous samples. Curing and smoking in combination 
with antioxidants lead to increment in keeping quality of meat. This 
treatment caused sufficient reduction in microbial population. The 
storage study at -4°C of meat samples in both packaging material Al 
foil and HDPE revealed that the shelf life of samples were 70 and 90 
days and corresponding values of logarithmic value of TPC per gram 
was found to be 5.41 & 6.08 respectively. It was. found that curing in 
combination with antioxidant (SHMP) brought significant 
improvement in the colour, texture and odour as well as pH and 
reduced the growth of microbial population. 
pH values of the curing combined with SHMP treatment 
improved to 5.98 as compared to 5.84,5.88 and 5.91 for control, cured 
and cured with Sodium Ascorbate samples respectively. The shelf life 
at O^ C in both packaging material were 60 and 70 days while its 
counter part sample stored at - 4'^ C had shelf life of 80 and 90 days. 
The corresponding values of logarithmic value of TPC per gram were 
6.81, 7.27 and 7.24 and 6.89 respectively. 
Curing in combination with SHMP followed by smoking 
improved the samples pH to 6.78. It was better as compared to all 
previous samples. The combined treatment of curing with SHMP 
followed by smoking caused sufficient reduction in microbial 
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population in comparison to all treatments, which were taken in the 
present study. Shelf life of the samples under - 4"C storage condition 
was found to be 120 days and corresponding values of logarithmic 
value of TDC per gram were found to be 7.44 and 5.86 respectively at 
0*^ 0 & -4"C. For sensory characteristics, it was found that the present 
combination i.e. smoked with cured and SHMP treated meat samples 
had better sensory scores in comparison to all samples taken in present 
study. 
Textural analysis of raw buffalo meat was conducted within 24 
hours of refrigerated storage conditions at 0 C and -4 C at regular 
intervals of 20, 40 and 60 days under different packaging material i.e. 
Al foil & HDPE bags. It was found that the mean peak force measuring 
hardness of raw buffalo meat was 11547.4 g when analysis was made 
for buffalo meat on second day. The sample was packed in Al foil and 
kept for storage at 0°C. Texture analysis of cured buffalo meat was also 
conducted after treatment and during refrigerated storage condition at 
0°C and -4"C under different packaging materials viz, A! foil and 
HDPE bags. It was found that the positive mean peak force measuring 
the hardness of cured samples on very first observation within 24 hrs 
of storage were 16680.7 g 20926.2 g for samples packed in Al foil and 
HDPE bags at -4"C. The increased values of mean positive peak forces 
is due to the treatment of curing solution and storage temperature i.e. 
-4*^ C. Storage temperature at -4 C produced hardness in the meat 
samples, which caused increment in positive peak forces, while storage 
at O C^, did not increase hardness as such . 
Textural analysis of curing with antioxidant Sodium Ascorbate 
treated meat sample were conducted during refrigerated storage 
temperatures at 0*^ 0 & ^'^C.The peak forces for samples stored at 0°C 
for Al-foil and HDPE bags were 15338.6g and I7079.9g, while its 
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counterpart samples stored at -4°C had peak force values 22261 .Og and 
23356.5g respectively. Further textural analysis showed that the 
hardness started decreasing, but slowly in comparison to previous 
samples, packed in either Al-foil or HDPE bags at refrigerated storage 
temperature 0"C & -4"C.It was also observed that cured meat samples 
treated with Sodium Ascorbate had higher positive mean peak values 
at every observation in comparison to the raw and simply cured meat 
samples. In the case of SHMP treated meat samples, it has higher 
positive peak force values in comparison to raw, cured and S. A. 
treated samples. The peak force values for SHMP treated meat samples 
stored at 0°C and packed in Al-foil and HDPE bags were 16358.6g and 
19208.2g, while its counterpart samples stored at -4°C had peak force 
value 22261.Og and 25381.Og respectively on the very first observation 
within the 24 hrs of storage. Treatment of SHMP improved the texture 
and meat samples became more compact as compared to raw meat 
samples. The low temperature of -4^C added more hardness and 
extended shelf life. 
All treated samples were treated with smoke also. Smoking 
caused dehydration. It is evident from the all textural graphs that the 
mean positive peak forces increased due to dehydration and partial 
cooking effect as compared to only non-smoked raw & treated meat 
samples. Positive peak force values for samples on the very first 
observation within the 24 hrs of storage at 0°C packed in Al-foil and 
HDPE were 12396.6g and 13488.2g for raw smoked,15773.7g and 
19336.2g for cured smoked, 20989.7g and 21040.4g for cured, sodium 
ascorbate treated and smoked , 21009.7g and 23168.7g for cured, 
SHMP treated and smoked samples. Wliile its counterpart samples 
stored at -4°C had peak force values 13728.4g and 15536.2g for raw 
smoked, ]6754.9g and 21748.7g for cured smoked, 21298.0g and 
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23168.6g for cured, SA treated and smoked and 214.7.8 g and 
29418.7g for cured, SHMP treated and smoked sampled respectively. 
The samples were kept for storage stud)' and on 20, 40,60, 80, and 100 
day the texture analysis was conducted. It was found that as usual the 
samples started loosening its texture with the increasing storage period. 
But the peak force showed that the softening in texture was little bit 
slow for smoked sample as compared to raw & treated samples. 
Smoking caused the partial denaturation and dehydration effect on 
meat, which was the cause of increment of positive mean peak force 
for smoked meat samples. 
The smoking of raw meat created many qualitative changes in 
raw meat. Smoking of meat is very effective device to preserve the 
meat. The combined treatment of smoking and antioxidants like Poly 
phosphate (SHMP) was found to be most successful in improving the 
coluor, texture and aroma of meat. The shelf- life of meat given 
combined treatment was 120 days under refrigerated condition. 
Smoking led to development of a layer of fornied sward compounds by 
thermal decomposition of hard wood. These compounds are phenols, 
poly phenols, carbonyl compounds and organic acids. Among these 
compounds some are antimicrobial, some are antioxidants and some 
are effective in colour and flavor development. The phenol and 
aldehyde condensation during smoking helped in formation of resins, 
which added to glossy finished surface to the raw and treated meats. 
There was considerable reduction in moisture, increment in pH, 
improvement in colour, texture and odour after smoking. Dehydration 
effect, antimicrobial and antioxidant properties of smoke were 
considered to be the responsible factors for the extension of shelf lives 
of smoked samples. It was observed that curing followed by smoking 
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considerably increased pH and also improved colour, texture and odour 
of meat. 
The samples cured and treated with SHMP and finally smoked 
were found to be the best as far as quality (physico chemical properties 
and textural properties) & shelf life is concerned. There was greater 
improvement in pH as compared to the individual treatments or any 
other combination thereof The samples improved in colour, texture 
and odour and had maximum score for colour, texture and odour. The 
storage study established that this sample i.e. samples treated with 
SHMP and finally smoked has greatest shelf life during storage. 
Study on effect of packaging materials on raw and treated meat 
samples suggested that packaging material played an important role in 
improving meat quality during storage. The most suitable packaging 
material for raw and treated meat was found to be HDPE as compare to 
Al-foil . The controlled oxygen supply helps in maintaining the colour 
of meat. The packaging material HDPE therefore allowed the 
permeation of required oxygen for maintaining the colour of meat. 
HDPE showed better performance as compared to Al foil in 
maintaining physico-chemical, microbiological, sensory and textural 
characteristics of meat samples. This was due to the barrier properties 
and better sealability of HDPE films as compared to Al foils, which is 
being used as a wrapping not packing with seal. 
As far as storage temperature is concerned, it is very much 
evident Irom this work and has been supported by many previous 
researchers that lower storage temperature increases the shelf life. 
179 

CHAPTER-6 
REFERENCES 
Abd El-Alim, S. S. L, Lugasi, A., Hovari, J. and Dworschak, E. 1999. 
Culinary herbs inhibit lipid oxidation in raw and cooked meat 
patties during storage. Journal of Science of Food and 
Agriculture, 79: 275-288. 
Abdel-Bar,N. M. and N. Harris. 1984. Inhibitory Effect of 
Lactobacillus bulgaricus on Psychrotrophic Bacteria in 
Associative Cultures and in Refrigerated Foods. Journal of Food 
Protection 47(1): 61-64. 
Abrams, H.L. (JR). 1987. The preference for animal protein and fat: A 
cross cultural survey. In Food and Evolution, Toward a theory of 
Human Food Habits (M. Marris and E. B. Ross, Eds.) p-207. 
Temple University Press, Philadelphia. 
Abu-Baker, A. Regan, J.O., Wyne, R.L. and Carpenter, J.A. 1982. 
Storage, functional and processing characteristics of pre and post 
rigor beef blended for Weiner production. J. Food Sci- 47: 374-
379,385. 
Acton, J. C. and R. L. Dick. 1984. Protein-protein interaction in 
processed meats. In: Proc. 37* Annu. Recip. Meat Conf, June 
17-20, pp. 36-43. American Meat Science Association, Chicago, 
IL. 
Acton, J.C. and Saffle,R.L.1969. Preblend and prerigor meat in 
sausage emulsions. J. Food. Technology, 23(3): 93. " 
180 
Acton, J.C. Zeigher, G.R. and Burgo, D.L. 1983. Functionality of 
muscle constituents in the processing of comminted meat 
producties CRC Crit Rev. Food Sci. Nutri (2): 99-119. 
Agnihotri, M. K. 1988. Studies on the keeping quality and spoilage 
pattern of buffalo meat, Ph.D. thesis. Indian Vet. Res. Instt. 
Izatnagar, India. 
Alasnier, C, Meynier, A., Viau, M. and Gandemer, G. 2000. 
Hydrolytic and oxidative changes in the lipids of Chicken breast 
and thigh muscles during refrigerated storage. J of Food Science, 
vol. 65,No.I. 
Al-Jalay, B., Blank, G. , McConnel, B. and Al-Khayat, M. 1987. 
Antiodixant acitivity of Selected Spices used in fermented meat 
sausage, J. Food Protection, 50: 25-27. 
Alley, G., Cours, D. and Derreyer, D. 1992. Effect of nitrate, nitrite 
and Ascorbate on colour and colour stability of dry fermented 
sousage prepared using Back slopping Meat science, 32(3): 207-
297, 
Anandaswamy, B. and Iyengar, N.V.R. 1980. Food Packaging 
Research and development in India. J. Food Science and 
Technology, vol. 17, 59-65. 
Anderson, H.J., Bertelsen G. and Skibsted, L.H. 1990. Colour and 
colour stability of hot processed frozen minced beef Result from 
chemical model experiments tested under storage conditions. 
Meat Science, 28, 87-97. 
181 
Anjaneyulii, A.S.R., Sharma , N. and Kondaiah, N. 1989. Evaluation of 
Salt, Poly phosphates and their blends at different levels on 
physico-chemical properties of Buffalo meat and Patties. J. Meat 
Science, 25, 293-306. 
Anon, M.C. and Calvelo, A. 1980. Freezing rate effects on the drip loss 
of frozen beef Meat science 4:1-14. 
Anzar, A. 2000, studies on effect of curing, anti-oxidant treatment, 
smoking and packaging material on Shelf-life of buffalo meat 
under refrigerated condition, M. Tech. Dissertation, Institute of 
Agriculture, A. M.U., India. 
Armstrong, H 1993. Extending shelf life with vitamin E. Pigmissets 
9(8): 18-19. 
Asghar, A., Gray, J. J., Booren, A.M., Goixuna, E. A., Abouzied, 
M.M., Miller, E. R. and Buckley, D. J. 1991. Influence of Super 
nutritional dietary vitamin E levels on Sub cellular deposition of 
a-tocopherol in muscles and on Dork quality. J. Sci. & Food 
Agric. 57(1)31-41. 
Bachhil, V.N. 1983. Ind. J. Microbiology 23, 223. 
Bailey A.J. and Light, N.D. 1989. Connective Tissue in Meat and 
Meat Products. Elsevier Applied Science, N.Y. 
Baker, R.C.,Darflue, J. and Vadehra, D.V. 1969. Type and level of fat 
and amountof protein and their effect on the quality of chicken 
frank furthers J. Food Technology, 23: 808-811. 
Bakker,M. 1986. The Wiley Encyclopedia of Packaging Technology, 
John Wiley & Sons, N.Y. 
182 
Barbut, S., Josephson, D.B. and Maiirer, A.J. 1986. Antioixidant 
properties of rosemary oleoresin in turkey sausage. J. Food 
Science, 50: 1356-1359. 
Beitz, D.C. 1992. Food Fats & Health, Task force Report No. 1 18. 
Council for Agricultural Science & Technology, Ames, l.A. 
Bendall, J.R. 1954. Swelling Effect of Poly phosphate on lean meat. 
Food Agri 5.468-475. 
Benedict, R.C., Strange, E.D. and Swift, C.E. 1975. Effect of lipid 
antioxidants on the stability of meat during storage, J.of 
Agricultural Food Chem. 23, 167-173. 
Banning, Calvin, J. 1983. Plastic Films for Packaging: Technology, 
Applications and Process Economics, Technomic Publishing 
Company Lancaster, P. A. 
Birdsall, J.J. 1977. Second Int. Symp. Nitrite meat Product, Zeist, 
Pudoc. Wageminger, 211. 
Blunk HC. 1993. Sodium ascorbate and sodium erythorbate: A 
comparison between the technological properties in the 
processing of cooked cured products. Fleishchwirtschaft 73(10): 
1163-1164. 
Bodwell, C.E. and Anderson, B.A. 1986. Nutritional composition and 
value of meat and meat products, In: muscle as Food. P.J. 
Bechtel, ed. Academic Press. 
Boles, J. A., Parrish, F. C.Jr., Huiatt, T.W. and Robson, R. M. 1992. 
Effect of porcine stress syndrome on the solubility and 
183 
degradation of myofibrillar/cytoskeletal proteins. J. Animal 
science, 70: 454-464. 
Booth, D.A. 1990. Sensory influence on food intake, Nut. Rev. 48(2) 
71-77. 
Bouton, P.E. and Harris, P.V. 1972. The effects cooking temperature 
and time on some mechanical properties of meat. J. Food Sci 
37:140. 
Bouton, P.E. Harris, P.V. Shorthose, W.R. and Randelift, D. 1974. 
Changes in the mechanical properties of veal muscles produced 
by myofibriller contraction state, Cooking tempetrature and 
cooking time. J. Food Science 39: 869. 
Bouton, P.E., Ford, AL., Harris, P.V., Shorthose, W.F., Ratcliff, D. and 
Morgan, JHL. 1978. Influence of animal age on the tenderness 
of beef muscle differences. Meat Science. 2: 301-311. 
Breene, W. M. 1975. Application of texture profile analysis to 
instrumental food texture evaluation. J. of Texture studies 5: 53-
82. 
Breidenstein, B.B.I983. wholesale packaging for fresh meat. In Meat 
Science and Technology Internationa! Symposium Proceedings, 
K.R. Franklin and H.R. Cross (EDS) National Livestock and 
Meat Board, Chicago, p. 343. 
Brewer, M.S. and Wu, S.Y. 1993. Display, packaging and meat block 
location effects on colour and lipid oxidation of frozen lean 
ground beef J. Food Science 58: 1219-1223. 
184 
Brody,A.L. 1989. Modified atmosphere/ vacuum packaging of meat.^ff 
controlled/ modified Atmosphere/ Vacuum Packagincjof'Foods. 
Food and Nutrition Press, Inc. Trumball, Connectia^, Chap. 2 
Brook,J.1929. Post-mortem formafion of methaemoglobin in red 
muscles. Biochem J 23(2): 1391-1400. 
Brotsky, E. and Everson, C.W. 1973. Proc. Meat, Ind. Res. Conf. 
American Meat Institute, Washington, D.C. p-107. 
Broughall, J. M. and Brown, C. 1984. Hazard analysis applied to 
microbial growth in foods: development and application of 
three-dimensional models to predict bacterial growth. Food 
Microbiology, 1, 13-32. 
Brown, M.H. 1992. Meat Microbiology, Applied Science Publishers 
Ltd, London. 
Brown, WD and Mebine,L.B.1969.Antioxidation of oxymyoglobins. J 
Biol Chem 244(6): 6696-6701. 
Buckley, J.D., Morrissey, P. A. and Gray, I.J. 1995. Influence of dietary 
vitamin E on the oxidative stability and quality of pig meat. J 
AnimSci 73: 3122-3130. 
Buttrish, J.L. and Diplock, A.T. 1988. The relationship between a-
tocopherol and phsopholipid fatty acids in rat liver sub cellular 
membrane fractions. Biochem Biophyscta 962: 81-90. 
Cabelli, D.E. and Bielski, B.H.J. 1983. Kinetics and mechanism for 
the oxidation of ascorbic acid/ascorbate by H02/02-radicals. A 
pulse radiolysis and stopped-Flow Photolysis study J. Phys 
Chem 87: 1809-1812. 
185 
Carroll, R. J., Rorer, F. P., Jones, S. B. and Cavanaugh, J.R. 1978. 
Effect of tensile Stress on the ultra structure of bovine muscle. 
J. Food Science, vol. 43(1181). 
Cassens, R. G., J. G. Sebranek, G. Kubberod, and G. Woolford. 1974. 
Where does the nitrite go? Food Product Development 8(10); 50. 
Cassens, R.G. 1990. Nitrite cured Meat: A Food Safety issue in 
Perspective. Food & Nutrition Press, Tnunbull, CT. 
Castellini C, Dal Bosco, A., Bernardini, M. and Cyril, H.W. 1998. 
Effect of dietary vitamin E on the oxidative stability of raw and 
cooked rabbit meat. Meat Sci, 50(2): 153-161. 
Chako, G.K. and Perkins. E.G. 1962. 7\natomical variations in fatty 
acid composition and triglycerides distributions in animal depot 
fats. J.Am. Oil Chemists Soc. 42.1121. 
Challis, B.C. Edwards, A. Huma, R.R., Kyrtopounds, D.A. and 
Outram, J.R. 1978. In: Environmental aspects of N-Nitroso 
compounds, lARC Scientific Publications No. 19, lARC, Lyon, 
127. 
Chamber, B., Hollingsworth, M.G., Bowors, J.R. and Chambers, E. 
1992a. Consumer attitudes and factors influencing, meat use. 
The sensory analysis center, Kansas slate ^liv. Manhattna,^ 
Kans. 
Chang, 1. and Watt, B.M. 1949. Food Teclinology, 3, 332. 
Charles, D. D. 1982. Meat tenderness and palatability of Swamp 
buffalo and four breeds of Cattle, Animal Production, 34, 79-84. 
186 
Chastain,M F , Huffman, D L , Hsieh, W H and Cordray, J C 1982 
Antioxidants in restructured beef/pork steaks J Food Sci 47 
1779-1782 
Chen, J Y, Piva, M and Labuza, TP 1984 Evaluation of water 
binding capacity (WBC) of food fibre sources J Food Sc 49 
59-63 
Chu, Y H Huffman, D L , Trout, G.R. and Egbert, W R 1987 Colour 
and colour stability of frozen restructured steaks. Effect of 
Sodium Chloride, tripolyphosphate, nitrogen atmosphere and 
processing procedures, J of Food Science, 52, 869-875 
Cohen, J.C 1990 Applications of quantities research for sensory 
analysis and product development Food Technology 44(11) 
164,174 
Cort,W W 1982 Antioxidant properties of Ascorbic acid m foods, 
Adv, Chem Ser 200 533-550 
Cortesi, M L and Vaccaro, A 1981 Studies on storage of refrigerated 
buffalo meat Industri Alimentari 20(1) 914 (FSTA 1982, 14, 
25,289) 
Counsell, JN 1971 Meat Processing with ascorbic acid Process 
Biochem 6(12)-26 28 
Dainty, R H , Shaw, BG and Roberts, TA 1983 Microbial and 
chemical changes m Chill stored red meats In Food 
Microbiology Advances and Prospects Academic Press, 
London, England, p-151 
187 
Daulay, O., Sison, E.G. and Pimental, L.A. 1980. Microbiological, 
Chemical and Sensory quality changes in fresh meat. Vs 
Vacuum packaged carabeef stored at various freezer 
temperatures, Philippine Agriculturist, 63(3): 251 (FSTA, 1981, 
13,85,1372). 
Davidson, P.M., Post, L.S., Brenen, A.L. and McCurdy, A.R. .1983. 
Naturally occurring and miscellaneous food antimicrobials. J. 
Food Science 10; 371-376. 
Desrosier, N. W. and Tressler, D. K. 1977. Fundamentals of Food 
Freezing, AVI Publishing Co, West Port, Connecticut pp. 360-
367,384-386,391-399. 
Dessounki, T.M., Saied, S.Z., Abosetim, I. and El. Kholi, M. 1981. 
Effect of castration on physical and chemical properties of meat. 
II. Influence of frozen storage Agric. Res. Rev. 56(7): 67-7 
(FSTA. 1983, 15-45. 598). 
Diamant, R.,Watts, B.M. and Cliplef, R.L. 1976. Consumer criteria for 
pork related to sensory physical and descriptive attributes. J 
Food science and Technology 9(3), 151-154. 
Dickson, J.S. and Anderson, M.E. 1992. Microbiological 
decontamination of food animal carcasses by washing and 
sanitizing system. J. Food Protection 55: 133-140. 
Doba T., Burton, G.W., and IngoId,K.U. 1985. Antioxidant and 
coantioxidant activity of vitamin C, the effect of vitamin C, 
either alone or in the presence of vitamin E or a water soluble 
vitamin E analogue upon the peroxidantion of aqueous 
188 
multilamellar phospholipid liposomes. Biochem Biophys Acta 
835:293-303. 
Dransfield, E., 1994. optimization of tenderization ageing and 
tenderness Meat Science, 36; ]05-112. 
Drerup, D.Z., Judge, M.D. and Aberle, E.D. 1981. Sensory properties 
and liquid oxidation in prerigor processed fresh pork sausage, J. 
FoodSci46: 1659-1661. 
Dushyanthan, K., Venkataramanyam, V. and Shanmugam, A. M. 2000. 
Effect of packaging materials, methods and storage condition on 
certain physical qualities of Pork, J. of Food science & 
Technology, vol. 37, No. 1, 39-44. 
Duston, T.R. 1974. Effect of tensile stress on the ultra structure of 
bovine muscle. J. Food'science Vol. 43(118.1). 
Eaton, S. B. and Konner, M. 1985. Paleolithic nutrition : A 
consideration of its nature and current implications. New Engl. J. 
Med. 312,283. 
Eisenbrand, G. Janzowski, C. and Preussmann, ¥1. 1974. Proceeding 
Second International Symposium on Nitrite Meat Product, Zist, 
Pudoe, Wageningen, 155. 
El- Kady, S.A. and Fahmy, A.A. 1984. Some physical and chemical 
studies of buffalo and camel meat during cold storage. In 
Proceedings of 30"' European Meeting of Meat Research 
Worker, Vol. 30, 34, pp-160-161. 
El-khateib,T.,Yousef,A.E. and Ockerman, H.W. 1992. Inactivation and 
attachment of Listeria monocytogens on beef muscle treated 
189 
with lactic acid and selected bacteriocin, J. Food Protection, 
56(1): 29-33. 
Elkoussy, H.A., Afifi, Y.A., Dessonki, T.M. and El-Ashry, M.A. 1977. 
Some chemical and physical changes of buffalo meat after 
slaughter, Agricultural Research Review. 56(6): 1-7. 
Emswiler, B.S. and Kotula, A.W. 1979. Bacteriological quality of 
ground beef prepared from hot imd chilled beef carcasses, J. 
Food Sci. 42:561-562. 
Enfors, S.O. and Molin, G. 1981. The effect of different gases on the 
activity of microorganisms. In Psychrotrophic Microorganisms 
in spoilage and Pathogenicity, Academic Press, London, 
England Chap-34. 
Eribo, B.E. and Jay,J.M. 1985. Incidence of Acinetobacter supp. and 
other gram-negative , oxidase-negative bacteria in fresh and 
spoilage ground beef Applied and Environmental Microbiology 
49(1): 256-257. 
Evenshtein, Z.M. 1971. Stability of ascorbic acid in food after heat 
treatment in enameled and aluminium vessels. Gigiena-I-
Samtariya 36(9): 105-107. 
F.A.O. 1999. Food and Agriculture e/rganization. 
Farber, J. M. and Idziak,E.S. 1984. Attacliment of psychotropic meat 
spoilage bacteria to muscle surface. Journal of Food Protection 
47 (2): 92-95. 
Farouk, M.M. and Swan, J.E. 1998. Effect of muscle condition before 
freezing and simulated chemical changes during frozen storage 
190 
on the pH and colour of Beef. J. Meat Science, Vol. 50, No. 2, 
245-256. 
Finne, G. 1984. Principles of controlled atmosphere extension of food 
shelf life. In Proceeding International Conference on Controlled 
Atmosphere, CAP. 84, Chicago. I llinois, p-37. 
Foad, A.A. and Youself, K.E. 1973. Effects of freezing and frozen 
storage on the physical and chemical properties and quality of 
different meats. Schlacht-und Viehhof- Zeitung 73(10): 379-334 
(FSTA1974, 69, 771). 
Foegeding, E. A., Naumann,H.D. and Stringer,W.C. 1983. Effect of 
aerobic storage before vacumm packaging on the pH, color and 
bacterial flora of beef Journal of Food Protection 46(4): 287-
291. 
Fogg, N.E. and Harrison, D.L. 1975. Relationship of electrophoretic 
patterns and selected characteristics of bovine. Skeletal muscle 
and internal temperature. J.Food Science, 40: 28-34. 
Formanek, Z., Kerry, J.P., Buckley, D.J., Morrissey, P.A.and Farkas, J. 
1988. Effect of dietary vitamin E supplementation and 
packaging on the quality of minced beef Meat Sci. 50(2): 203-
210. 
Forrest, J.C., Aberle, E.D., Hedrick, M.B., Judge, M.D. and Markel, 
R.A. 1975. Properties of fresh meat in: Principles of Meat 
Science, Freeman W.H. and Co. San Fransisco. 170-189. 
Frankel, E.N. 1996. Antioxidants in lipid foods and their impact on 
food quality. Food Chem. 57(1): 51-55. 
19] 
Froning, G.W. 1965. J. Food. Technology, Chicago., 30, 50. 
Froning, G.W. and Neelkantan, S. 1971. Poultry Science, 50. 839. 
Fronmg, G.W. and Sackett, B. 1985. Poultry Science, 64, 1328. 
Gaddis, A. M. 1952. Effects of pure salt on oxidation of becon in 
freezer storage. J. Food Technology (6) 294-298. 
Gamage, S. D., N.G. Faith, J. B., Luchansky, D.R., Buege and 
Ingham,S.C. 1997. Inhibition of microbial growth in chub-
packed ground beef by refrigeration (2°C) and medium-dose 
(2.2 to 2.4 kGy) irradiation. International Journal of Food 
Microbiology 37:175-182. 
Gardner, G. A. 1983, Microbial Spoilage of cured meats. In: Food 
Microbiology; Advances and Prospects, Academic Press, 
London, England . 
George, P.and Startmann, C.J.1952. The oxidation of myoglobin to 
metmyoglobin by oxygen. The relation between the first order 
rate constant and the partial pressure of oxygen. Biochem J. 51: 
418-425. 
Giannuzzi, L., Pinotti, A. and Zaritzky, N. 1998. Mathematical 
modeling of microbial growth in packaged refrigerated beef 
stored at different temperatures. International Journal of Food 
Microbiology 39: 101-110. 
Gibbs, P.A. and Patterson, J.T. 1977. Some preliminary findings on the 
microbiology of vacuum and gas packaged chicken portions, In: 
The quality of Poultry meat, Uniiversitat Hohen heim, Stultgart, 
p-198. 
192 
Giddings ,G.G. 1974. Reduction of ferrimyoglobin in meat. CRC Grit 
Rev Food Sci Niitr. 5(2): 143-173. 
Gill, C. O. 1983. Meat spoilage and evaluation of the potential storage 
life of fresh meat. Journal of Food Protection 46(5): 444-452. 
Gill, CO. 1986. The control of Microbial Spoilage in fresh meats. In; 
Advances in meat research. Vol. 2 A. M. Pears on and T.R. 
Duston, eds. Pages 49-88. AVI Publishing Co., Westport, C.T. 
Gill, CO. and Newton, K.G. 1982. Effect of Lactic acid concentration 
on growth on meat of gram negative psychrotrophs. From a meat 
works. Applied Environmental Microbiology, 43: 284-288. 
Gombas, D. E. 1989. Biological competition as a preserving 
mechanism. Journal of Food Safety (10): 107-117. 
Gomez-Guillen, M.C, Montero, P. Hurtado, 0. and Borderias, A.J. 
2000. Biological characteristics affects the quality of farmed 
atlantic salmon and smoked muscles, J. ^ o d Science, vol. 65, 
No-1. 
Gordan, G.C and Bryan, D.D. 1992. Factors affecting the 
susceptibility of meat borne pathogens and spoilage bacteria to 
organic acids. Ford Research International 25: 355-364. 
Gough, T.A. and Walters,C.L. 1976. In Environment N- Nitroso 
compounds- Analysis and formation, lARC Scientific. 
Publications No. 114. IRAC, Lyon, 195. 
Govindarajan, S. 1973. Fresh meat colour. CRC Crit Rev Food 
TechnoH: 117-139. 
193 
Govindarajan, S., Hultin, H.O. and Kotula, A.W. 1977. J. Food 
Science, 42,571. 
Graham, P. P. and. Blumer, T. N. 1971 'a'. Bacterial flora of pre frozen 
dry cured ham at three processing time periods and its 
relationship to quality. J. Food Technol. 34: 586. 
Gram, L. 1993. Inhibitory effect against pathogenic and spoilage 
bacteria of Pseudomonas strains isolated from spoiled and fresh 
fish. Applied and Environmental Microbiology 59(7): 2197-
2203. 
Gray, J.I. 1978. Measurement of lipid oxidation. A review. J. American 
oil Chem.Asoc. 55:539-546. 
Gray, J.l. and Dugan, L.R. 1975. J. Food Science 40, 484:' 
Greaser, M.L. 1986. Conversion of muscle to meat. In: Muscle as 
Food. P.J. Bechtei,ed, Academic Press, New York. 
Green, B. E. 1969. Lipid oxidation and pigment changes in raw beef, J. 
Food Science. 34(2): 110-113. 
Greenberg, R.A. 1977. Proc. Second Int. Symp. Nitrite Meat Product, 
Ziest, Pudoc, Wageningen, 203. 
Greene, B.E., Hsin, I. and Zipser, M.Y.W. 1971. Retardation of 
oxidative colour changes in row ground beef J. Food Sci. 36: 
940-92 
Groenen, P.J., Jonk, R..J.G., Vaningen, C. and TenNoever De Brouw, 
M.C. 1976. In: Environmental N- Niboso Compounds- Analysis 
194 
and foraiation, lARC Scientific Publication No. 14. lARC, 
Lyon, 321. 
Giiyton, A.C. 1981. Textbook of Medical Physiology, 6*ed, W.B. 
Saunders. Co. Philadelphia. 
Recommendation for the processing and handling of 
frozen foods. International Instt. Of refrigeration of Paris pp. 
565-607. 
Hall, L.P. and Alcock, S.J. 1987. The effect of microbial enzymes on 
the quality of frozen foods. J. Food Microbiology, 4: 209-219. 
Haman, D. D. 1988. Rlieology as a means of evaluating muscle 
functionality of processed foods. Food Technol. 23(6): 66-71. 
Hamm, R. 1981. Post-mortem changes in muscle affecting the quality 
of comminuted meat products. In: developments in meat 
Science-2 (Ed). R. Lawri, Applied Science Publihsers Ltd, 
London. 
Hamm, R. and Deathorage, F.E. 1960, Changes in hydration, solubility 
and charges of muscle protein heating of meat Food Res. 25: 
587. 
Hamm, R. and Gran, R. 1955. Effect of phosphates on bound water of 
meat, Dent, Lebensm. Rundschau, 51 106-111. 
Hanlon, J.F. 1992. Handbook of Packaging Engineering, Second 
Edition, Technomic Publishing Company, Landcaster, P.A. 
195 
Harrel, S. and Kanner, J. 1985. Muscle membranol lipid peroxidation 
initialled by H2O2 - activated metmyoglobin, J.of Agricultural 
Food Chemistry. 38, 1188-1192. 
Harris, M. 1986. The 100,000 years hunt. The sciences 1986 (Jan), 22. 
Hedrick, H. B., E. D. Aberle, J.C. Forrest, M.D. Judge, and R. A. 
Merkel, R.A. 1994 'b'. Principles of meat processing. In: 
Principles of Meat Science (3"^ Ed.), pp. 1233-131, 
Kendall/Hunt Publishing Company, Dubuque, lA. 
Hedrick, H.B.E.D., Aberle, J. C, Forrest, M.D. Judge, and R. A. 
Merkel, 1994 'c'. Palatabilityu and cookery of meat. In: 
Principles of Meat Science (3''^  Ed.), pp. 269-287. Kendall/Hunt 
Publishing Company, Dubuque, lA. 
Hegarty, G.R., Bratzler, L.J. and Pearson. A.M. 1963. Studies on the 
emulsifying properties of some intracellular beef proteins, J. 
Food Science 28, 663. 
Hegarty, P.V.J, and Allen, C.E. 1975.ThenTial effect on the length of 
sarcomers in muscle held at different tension J. Food Science 
40:24 
Herbert, L.S. and Smith, M.G. 1980. Hot boning of beef refrigeration 
requirement meet microbiological demands. CSIRO. Food Res, 
quarterly pp- 65-70. 
Herring, H.K. Cassens, R.G. and Briskey,E.J. 1965. Further studies on 
bovine muscle tenderness as influenced by carcass position, 
sarcomere length and fibre diameter. J. Food Science 30: 1049. 
1% 
Hoda,I., Ahmad, S. and Srivastava, P.K. 2002. Effect of microwave 
oven processing, Hot air oven cooking, curing and 
polyphosphate treatment on physico-chemical, sensory and 
textiiral characteristics of Buffalo meat Products J. Food science 
& Technology, vol-39 No-3,240-245. 
Hood, D.E, 1975. Pre slaughter injection of sodium ascorbate as a 
method of inhibiting metmyoglobin formation in fresh beef J. 
Sci. Food Agri. 26(1): 85-90. 
Hood, D.E. 1984. The chemistry of vacuum and gas packaging of 
meat. In Recent Advances in the chemistry of Meat. The Royal 
Society of Chemistry, Londond, England, Chap-II. 
Hopkins,D.L. and Thompson, J. M. 2002. The degradation of 
myofibrillar proteins in beef and lamb using denaturing 
electrophoresis -an overview. J. of Muscle Foods, vol-13, no-12. 
Hornstein, I., Crowe, P.F. and Heimberg, M.J. 1961. Fatty acid 
composition of meat tissue lipids, J. Food Science, 26, 581. 
Hotchkiss, J.H. 1990. Modified atmosphere packaging of Poultry and 
related products. In Controlled/ Modified Atmosphere/ Vacuum 
packaging of Food, A.L. Brody (Ed). Food and Nutrition Press, 
TriiTuibull, Cooencticut Chap-3 
• ' ^ - ' " ' ' ^ 
Howard, J.W., Teagne, R.T. Jr., Wliile, R.H. and Fry, B.E. Jr. 1966. 
Extraction and estimation of Poly cyclic aromatic hydrocarbons 
in smoked foods, I. General method. J. Assoc. Office. Agric. 
Chem.49, 595. 
197 
Hsieli, R.J.and KinsellaJ.E. 1989. Oxiation of polyunsatureated fatty 
acids: Mechanism, products and inhibition with emphasis on 
fish. Advances in Food and Nutrition Research 33: 233-341. 
Huffman, D.K., Ande, C.F., Cordray, J.C. Stalmley, M.H. and Egpert, 
W.R. 1987. Influence of polyphosphate on storage stability of 
restructured beef and pork nuggets. J. Food Sci. 52(2): 275-278. 
Hultin, H.O. 1985. Characteristics of muscle tissue. In; Food 
yiemistry, 2"'^  ed, Owen R. Fennema, ed. Marcel Dekker, N.Y. 
Hume, M.E., Corrier,D.E., Nisbet,D.J. and DeLoach,J.R. 1996. 
Reduction of salmonella crop and cecal colonization by a 
characterized competitive exclusion culture in broilers during 
grow-out. Journal of Food Protection 59(7): 688-693. 
Hume, M.E., D. J. Nisbet, and J.R. DeLoach 1997. In vitro 14C-amino 
acid fermentation by CF3, a characterized continuous-flow 
competitive exclusion cuhure of caecal bacteria. Journal of 
Applied Microbiology. 83: 236-242. 
Hytiainen, M., Pohja, M. S. and Niskanen, A. 1975. Bacteriological 
methods of examination and quality assessment of meat. 
Fleischwirtschaft, 55, 549-552. 
Igene, J.O. King, J.A. Pearson, A.M. and Gray J.I. 1979^  Influence of 
name pigments, nitrite and non heme iron on development of 
warmed over flavour (WOF) in Cooked meat. J. Agric. Food 
Chem. 27(4): 838-842. 
Igene, J.O. Pearson, A.M. Marked, R.A. and Coleman, J.H. 1979a 
Effect of frozen storage time cooking and handling temperature 
198 
upon extractable lipid and TBA values of beef and chicken, J. 
Anim. Sci 49; 701-707. 
Ishioroshi, M., Samejima,K. and YasLii,T. 1983. Heat-induced 
gelation of myosin filaments at a low salt concentration . Agric 
Biological Chem. 47(12): 2809-2816. 
Jailal I. and Grundy,S.M. 1992. Effect of dietary supplementation with 
a-tocopherol on the oxidative modification of low density 
lipoprotein. J Lipid Res 33: 899-906. 
Jakobsen, M. and Bertelsen, G. 2002. The use of CO2 in packaging of 
fresh red meats and its effect on chemical quality changes in the 
meat: A review. Journal of Muscle Foods, vol-13. No-2. 
Jay, J. M. 1996 'a'. Modem food microbiology. 5"' Edition Published 
by Van Nostrand Reinhold, New York. 
Jay, J. M. 1996. Microorganisms in fresh ground meats: The relative 
safety or products with low versus high numbers. Meat Science 
43: s59-s66. 
Jay, J. M. and Shelef, L. A. 1978 Microbial modifications in raw 
processed meat and poultry at low temperature J. Food 
Technology 32, 186-187. 
Jensen, L.B. 1949. Meat and Meat Foods, Ronald Press Co., N.Y. 
Jensen, L.B. and Urbain, W.M. 1986. Bacteriology of green 
discolouration in meats and spectrophotometric characteristics of 
the pigments involved. Food Research 1, 263-273. 
199 
Jeremiah, L.E., Carpenter, Z.L. and Smith, G.C. 1972. Beef colour as 
related to consumer acceptance and palatability. J. Food Science 
37; 476-479. 
Johns AM, Birkinshaw, L.H. and Ledward, D.A. 1989. Catalysts of 
lipid oxidation in meat products. Meat Sci 25: 209-220. 
Jones, M.V. 1989. Modified atmosphere, In Mechanisms of Action of 
Food Preservation Procedures, Elsevier Science Publisher, Ltd; 
Essex, England, Chap. 10. 
Jones, S.B. Carroll, R.J. and Caranaugh, J.R. 1986. Stmctural changes 
in heated borine muscle. A scanning electron microscopy study. 
J. Food Science 42: 125 
Judge, M.D. and Aberle, E.D. 1980. Effect of prerigor processing on 
oxidative rancidity of ground light and dark procine muscles, J. 
Food Science, 45: 1736: 1739. 
Kanner, J. 1994. Oxidative processes in meat and meat products: 
Quality implications. Meat Science 36: 169-189. 
Keeton, J.T. 1983. Effect of fat and NaCl/ phosphate levels on the 
chemical and sensory properties of pork patties, J. of Food 
Science 48, 878-881. 
Kemp, J. D., Langlois, B.E., Solomon, M. B. and J. D. Fox. 1979. 
Quality of boneless dry-cured ham produced with or without 
nitrate, netting of potassium sorbate. J. Food Sci. 44: 914. 
Kemp, J. D., Langlois,B.E., Fox,J.D. and Vamey.W.Y. 1975. Effects 
of curing ingredients and holding times and temperatures on 
200 
organoleptic and microbiological properties of dry-cured sliced 
ham. J. Food Sci. 40: 634. 
Kemp, J. D., Fox, J. D. and Moody, W. G. 1974. Cured ham properties 
as affected by nitrate and nitrite and fresh pork quality. J. Food 
Sci. 39: 972. 
Kennedy, J.E. (Jr), Oblinger, J.L. and West, R.L. 1982. 
Microbiological Comparison of hot bonied and conventionally 
processed beef plate cuts during extended Storage. J. Food 
Protection 46: 607-614. 
Kilsby, D.C. and Pugh, M.E. 1981. The relevance of the distribution of 
microorganisms within batches of food to the control of 
microbiological hazards from foods. J. Applied Bacteriology, 
51:345-354. 
Knipe, C.L., Olson, D.G. and Rust, R.E. 1985. Effect of selected 
inorganic phosphates, phasphate levels and reduced Sodium 
Chloride levels on protein solubility, stability and pH of meat 
emulsion, J. Food Science, 50: 1010-1013. 
Kondaiah, N., Anjaneyulu, A.S.R., Rao,V.K., Sharma, N. and Joshi, 
H.B. 1985.Effect of salt and phosphate on the quality of buffalo 
and goat meats. Meat Science, 15, 183. 
Kondaiah, N., Rao, V.K. Anjaneyulu, A.S.R., Sharma, N. and 
Lakshmanan, V. 1986.b'. Evaluation of variety meats from 
buffaloes for some quality parameters. J. Food Sci. & 
Technology 23: 113-115. 
201 
Konopka,U.C., Giith,H. and Grosch, W. 1995. Potent odorants formed 
by lipid peroxidation as indicators of warmed-over flavour 
(WOF) of cooked meat. Zeitsclirift fur Leensmittel untersucliung 
and -Forschung. 201: 339-343. 
Koohmaraie, M.,. Kennick, W. H,. Anglemier, A. F., Elgasim, E. A. 
and Jones, T. K. 1984. Effect of postmortem storage on cold-
shortened bovine muscle: Analysis by SDS-polyacrylamide gel 
electrophoresis. J. Food Sci. 49: 290-291. 
Krause, M.V. and Mahan, L.K. 1984. Food nutrition and Diet therapy, 
7* ed, W.B. Staunders. Co, Philadelphina. 
Krause, R. J., Ockerman, H. W. , Krol, B. , Moerman, P.C. and 
Ph'mpton, R.F. 1978. Influence of tumbling, tumbling time, trim 
and sodium tripolyphosphate on quality and yield of cured 
harms. J. Food Sci. 43: 853. 
Ladikos, D. and Longovois , V .1990. Lipid oxidation in muscle food: 
A Review. Food Chem 35: 295-314. 
Lankey, J.W., Mandigo, R.W. and Calkins, C.R. 1986. Effect of salt 
and phosphate on the texture and colour stability of restructured 
beefsteaks. J. Food Science .51, 873-875. 
Lauwerier, R. C. G. M. 1986. The role of meat m the Roman diet. 
Endeavour 10 (4), 208. 
Lawrie, R.A. 1991. Meat Science. 3'^ '^  edn. Pergamon Press. Oxford. 
Ledward, D.A. 1985. Post-slaughter influences on the formation of 
metmyoglobin in beef muscles. Meat Sci. 15: 149-171. 
202 
Lee, Y.B., Schnert, D.J. and Ashmore, C.R. 1986. Antioxidant 
property of ginger rhizome and its application to meat products. 
J. Food Science 51(1): 20-23. 
Leistner, L. 1992. Food Preservation by Combined method. Food Res. 
Int. 25: 151-158. 
Liebler, D.C., Kling ,D.S.and Reed, D.J. 1986. Antioxidant protection 
of phospholipid bilayers by a-tocopherol. J. Biochem 261 . 
12114-12119. 
Locker, R. H. 1960. Degree of Muscular Contraction as a factor in 
tenderness of beef J. Food Research 25:304-307. 
Love, J.D. and Pearson, A.M. 1974. Metmyoglobin and nonheme iron 
as peroxidants in cooked meat. J Agric Food Chem 22: 1032-
1034. 
Love, R. M. 1966. Freezing of animal tissue. In : Meryman HT (ed) 
Cryobiology, Academic Press, London, pp- 317-405. 
Lundquist, B.R. 1987. Protective packaging meat and meat products. 
In the Science of Meat and Meat Products. Food and Nutrition 
Press, West port, Connecticut, Chap 14. 
Macfarlane, J.J. 1985. High pressure technology and meat quality. In: 
Developments in Meat science, Vol-3, R.A. Lawrie, ed. Pages 
155-184. Elsevier Applied Science, London. 
Madril, M.T. and Sofos, J.N. 1986. Interaction of reduced NaCI, 
Sodium acid pyrophosphate and pH on the antimicrobial 
activity of comminuted meat products, J. Food Science 51: 
1147-1151. 
203 
Marsh, B.B. and Thompson, J.F. 1958. Rigor mortis and thaw rigor in 
lamb. J. Sci of Food Agri 9:47 
Matlock, R.G., Terril, R.N., Savell, I.W., R]iee, K.S. and Duston. 1984. 
Factors affecting properties of precooked frozen sausage and 
patties made with various NaCl/ phosphate combination. J. 
Food Science 49: 1372-1375 
McMeeking, T.A. 1982. Microbial Spoilage of meats. In: 
Developments in Food microbiology, Vol. 1, R. Davies, ed. 
Pages 1-40. Applied Sciences Publishers, London. 
Mead, G.C. 1983. Effect of packaging and gaseous environment on the 
microbiology and Shelf life of processed poultry products, Food 
Microbiology, Advances and Prospects, Academic Press 
London. P-203. 
Mertens, B. and Knorr, D. 1992. Developments of non thermal 
processes for food preservation. Food Technology. 47: 124-133. 
Meyer, H.L. 1973. Food Chemistry, East West Press Pvt. Ltd., New 
Delhi. 
Miles, C. A. 1974. Relationship between some physical properties of 
frozen meat In: meat Freezing- How and why ? Meat Research 
Institute, Langford , Bristol, pp. 16.1-16.10. 
Miller, A. J., Ackerman, S.A. and Palumbo, S.A. 1980. Effects of 
frozen storage on functionality of meat for processing, J. Food 
Sci. 45: 1466-1471. 
204 
Miller, D.D. 1991. Nutritional quality of foods and diet. In: 
Encyclopedia of Human Biology Volume 5. Academic Press, 
N.Y. 
Mills, F. and Urbain, M.C. 1960. Packaging. In: The science of meat 
and meat produpts. Freeman W.H. and Co. London, pp-373-388. 
Mitsumoto, M', Cassens, R.G., Schaefer, D.M.and Scheller, K.K. 
1991. Pigment stability improvement in beef steak by ascorbic 
acid application. J Food Sci. 56(3); 857-858. . 
Mitsumoto, M., Faustman, C, Cassens, R<G., Arnold, R.N.,Schaefer, 
D.M.and Scheller, K.K. 1991b. Vitamins E and C improve 
pigment and lipid stability in ground beef J Food Sci. 56(1); 
194-197. 
Molins, R.A., Kraft, A.A., Walker, H.W., Rust, R.E., Olson, D.G. and 
Mckenich, K. 1987. Effect of in organic polyphosphates on 
ground beef characteristics; some chemical, physical and 
sensory effects on frozen beef patties. J. Food Science 52(1); 52-
56. 
Monin, G. 1998. Recent methods for predicting quality of whole meat, 
MeatScience, Vol. 49. 23-243. 
Morley, M.J. 1986. Derivation of Physical properties of muscle tissue 
from adiabatic pressure induced temperature measurements. J. 
Food Technology 21; 269-277. 
Mottram, D.S. 1987. Lipid oxidation and flavour in meat and meat 
products. Food Sci Tech To-day 1(3); 159-162. 
205 
Murphy, D 1996 How clean is "Too Clean'^ " Meat Marketing and 
Technology (12) 50-52 
Murthy, T R K 1988 studies on the spoilage organism and pathogens 
from meat of different animal species and the effect of lactic 
acid bacteria on their growth Ph D Thesis , India Vet Res 
Instt Izatnagar, India 
New bold, R P 1966 Changes associated with rigor mortis In the 
Physiology and Biochemistry of Muscle as Food E J Riskey, 
R G Cassens, and J C Trantmann, eds, The university of 
Wisconsin Press Greaser, 1986. 
Nordyke, J G , Kuber, P S , Martin, E L , Deavila, D M and Reeves, 
J J 2000 A research note on Shear force analysis as an 
indicator of changes m the mechanical strength of isolated beef 
intra-muscular connective tissue during aging Journal of Muscle 
Foods, 11,227-233 
Nuotio, L, Schneitz,C, Halonen,U and Nurmi^ E 1992 Use of 
competitive exclusion to protect newly-hatched chicks against 
intestinal colonization and invasion by Salmonella ententidis 
PT4 British Poultry Science 33 775-779 
O'grady, M N, Monahan, F J and Mooney, MT 2001, 
Oxymyoglobm in bovine muscle systems and affected by 
oxidizing lipids, vitamin E and Metmyoglobm reductase 
activity Journal of Muscle Foods Vol -12,No-1 
Ockerman, H W 1980 "Quality Control of Post-Mortem Muscle 
Tissue" Animal Science Dept, The Ohio State University, 
Columbus, OH 
206 
Ockerman, H.W. and Organisciak, C.S. 1979. Quality of restructured 
beef steeks after refrigerated and frozen storage. J. Food 
Protection . 42: 126-130. 
Ockerman, H.W. and R. Dowiercial. 1980. Influence of tumbling and 
electrical stimulation on distribution and content of sodium 
nitrite and sodium chloride in bacon. J. Food Sci. 45: 1301. 
Offer, G. and Trinick, J. 1983. On the mechanism of water holding in 
meat: the swelling and shrinking of myofibrils, Meat science, 8, 
245-281. 
Okayama, T. Imai, Toshinori and Yamanoue, M. 1987. Effect of 
Ascorbic acid and Alpha. Tocophrol on storage stability of Beef 
Steaks, Meat Science, 21, 267-273. 
Okonkivo, T.M. and Obanu, Z.A. 1992. Characteristics of some 
intermediate moisture smoked meats. Meat Science 31, 135-145. 
(>scroft, C.A., Alcock, S. J.and Clayden, J.A. 1987. Recovery of sub-
lethally injured bacteria from frozen foods. . Food Microbiology 
4; 257-268. 
Pacheco-Aguilar, R., Lugo-Sanchez, M. E. and Robles-Burgueno, 
MR. 2000. Postmortem Biochemical and functional 
characteristic of Monterey sardine muscle stored at O^ C^. J. Food 
Science, vol-65, No-1. 
Padda., G.S., Keshri, R.C., Rao, V.K., Shanna, B.D. and Sharma, N. 
1986. Organoleptic and physico-chemical properties of carabeef 
patties with different fat combination. Indian Journal of Animal 
Sciences 56: 478-481. 
207 
Paine, F.A. and Heather, Y.P. 1983. A Handbook of Food Packaging, 
Leonard Hill, Glasgow. 
Paleari, M.A., Camisasca, S., Beretta, G., Renon, P., Tessiito, I. , 
Benedetti, G. and Bertolo, G. 1977, Comparision of the physico-
chemical characteristics of buffalo and bovine meat, 
Fleisehwirtschaft International, 6,11-13. 
Paleari, M.A.,Beretta, G., Colombo, F., Foschini,S., Bertolo, G. and 
Camisasca, S. 2000. Buffalo meat as a salted and cured product. 
Meat Science, 54, 365-367. 
Palmu, L. and Camelin,!. 1997. The use of competitive exclusion in 
broiler to reduce the level of Salmonella contamination on the 
farm and at the processing plant. Poultry Science 76; 1501-1505. 
Palumbo, S.A., Pickard,A. and Call,J.E. 1997. Population changes 
and verotoxin production of enterohemorrhagic Escherichia coli 
strains inoculated in milk and ground beef held at low 
temperatures. Journal of Food Protection 60(7): 746-750. 
Paquette, M.W., Robach, M.C., Sofos, J.N. and Busta, F. F. 1980. 
Effects of various concentrations of sodium nitrite and 
potassium sorbate on colour and sensory qualities of 
commercially prepared bacon. J. Food Science 45: 1293-1396. 
Paranjpe, V.V., Doctor, T.R. and Paranjpe, V.L. 1985, Live stock 
Adviser, 10, 19. 
Parkin, K. and Tauber, F.W. 1984, Resturctured meat products. 
Processed meat, AVI Publishing Co, Westport, Connecticut, p-
329. 
208 
Paul, P.C, McCrae, S.E. and Hoffer, L.M. 1973. Heat induced changes 
in extractability of beef muscle collagen. J. Food Science 38:66 
Pearson, A. M. and Gillet, T. A. 1997. In : Processed Meats, 3'^ Edn. 
Chapman and Hall Pub. Co. N.Y. 
Pearson, A.M. and Tauber, F.W. 1984. Processed Meats. T'^ edn. AVI 
Publishing Co. Inc. Westport, Connecticut. 
Pearson, A.M. and R. Young. 1989. Muscle and Meat Biochemistry. 
Academic Press, San Diego, C.A. 
Pedersen, M. E., Kulseth, M.A., Kolset, S. 0., Velleman, S. and 
Eggen, K.H. 2001. Decorin and Fibromodulin Expression in two 
bovine muscles (M. Semitendinosus and M. Psoas major) 
Differing in Texture. J. of Muscle foods, vol-12, No-1. 
Pennington, H. 1988. Proceedings of the conference on Food Safety: 
From Producerism to consumerism- the implications of change, 
eds. J.J. Sheridan ,M. O'keeffe and M. Rogers. The Natioanl 
Food Centre, Dublin. 
Pepper, F.H. and Schmidt, G.R. 1975. J. Food Science, 40, 277 
Peterson, D.W. and Lilyblada, A.L. 1979. Prevention of toughening of 
chicken breast muscle cut immediately after slaughter by control 
of pH decline, J. Food Science 44: 857-858. 
Porter, R.W., Bratzler, L.J. and Pearson, A.M. 1965. Fractionation and 
study of compounds in wood smoke, J. Food Science, 30, 615. 
209 
Porter, W.L. 1980. Recent trends in food applications of antioxidants. 
In: Simic MG, Karel M (eds.) Autooxidation in Food and 
Biological Systems. Plenum Press, New York, pp 295-365. 
Poste, L.M. Willemol, C, Butter, G. and Patterson, C. 1986. Sensory 
orona scores and TBA values as indices of wormed over flavour 
in pork J. Food Sci. 51(4): 886-888. 
Poste, L.M., Mackie, D.A. Butler, G. and Larmond, E. 1991. 
Laboratory Methods for sensory Analysis of Food. Pub. 1864. E. 
Res. Branch, Agric. Canada, Ottavv'a. 
Pons, M.and Fiszman, S. M., 1996. Instrumental texture profile 
analysis with particular reference to gelled systems. J. Texture 
Studies 27, 597-624. 
Ramirez, A. J., Acuff, G. R., Lucia, L. M. and Savell, J. W. 2001. 
Lactic acid and trisodium phosphate treatment of Lamb breast to 
reduce bacterial contamination. J. of Food protection, voi-64, 
No-9, 1439-1441. 
Ranganna, S. 1994. Manual of Analysis of Fruit and Vegetable 
Products, Tata McGrow Hill Publication Co. Ltd;, New Delhi. 
Ranken, M.D. and Kill, R.C. 1993. Food Industries manual. Edn 23"', 
P-33. Chapman & Hall, 2-6 Boundry Row, London SEI 8 HN, 
U.K. 
Rao, B.R. 1978. Preliminary studies on certain quantitative and 
qualitative characters of buffalo meat, Indian Vet. J. 55: 111-
118. 
210 
Ravindranath, G. 1994. Effect of buffered lactic acid on microbia] 
quality of goat and buffalo meat during refrigerated storage. 
M. V.Sc. Thesis, IVRI. Deemed University, Izatnagar, India. 
Reichest, J.E. 1994. Influence of ascorbic acid and sodium ascorbate 
on quality of meat products. Alimentacion-Equipos-y-
Technolgia. 13(7): 67-68. 
Reid, D.S.I 987. The freezing of food tissues. 
In:Grout,B.W.W.,Morris,GJ. (eds.)The effects of temperatures 
on biological system. Edward Arnold, 487-488. 
Rhodes, D.N. 1979. Meat flavour and consument acceptability. In 
Progress in Flavour Research ed. D.G. Land and H.E. Nursten, 
pp. 307-319. Applied Science Publisiier Ltd; London. 
Rimm, E.G., Stampfer, J.J., Ascherio, A., Giovannucci, E., Colditz, 
G.A.and Willet, W.C. 1993. Vitamin E consumption and the 
risk of coronary heart disease in men . N Eng J Med 328: 1450-
1456. 
Sachindra, N. M., Sakliare, P.Z. and Rao, D. N. 1998. Reduction of 
microbial load on Buffalo meat by hot water dip treatment. Meat 
Science, vol-48, 149-157. 
Saha, T. K. 1995, Biostatistics in Theory and practice. Emkay 
Publications, Delhi. 
Sahoo, J. 1995. Effect of preblending and vaccum packaging on the 
quality of ground buffalo meat. Ph.D. Thesis . Indian Veterinary 
Research Institute. Izatnagar, India. 
211 
Sahoo, J. and Anjaneyulu, A.S.R. 1996, Sodium ascorbate minimizes 
oxidation problems of ground buffalo meat . In : II National 
Symposium on buffalo research for higher productivity ,CCS. 
Haryana Agri Univ, Hissar, Abs. No.-86,p-45. 
Sahoo, J. and Anjaneyulu, A.S.R. 1997 ^ a \ ) Effect of natural 
antioxidants and vacuum packaging on the quality of Buffalo 
meat nuggets during refrigerated storage J. Meat Science, Vol. 
47, 223-230. 
Sahoo, J. and Anjaneyulu, A.S.R. 1997'*^ffect of alpha-tocopherol 
acetate preblending on the quality of ground buffalo meat. J. 
Food Chemistry, vol-60, No-3, (397-402). 
O 
Sahoo, J. and Anjaneyulu, A.S.R. 1997. Quality improvement of 
ground buffalo meat by preblending with sodium Ascorbate. 
Meat Science, Vol. 46, No. 237-247. 
Sahoo, J. and Verma, S.P. 1999. Oxidative problems in meat and meat 
products and use of antioxidants vitamins. J. Food Science. 
Technology, Vol. 36. No.6^487-49^. 
#--
Sahoo, J., Anjaneyulu, A.S.R. and Srivastava, A.K. 1998. 
Improvement in the quality of frozen ground buffalo meat by 
pre-blending with natural antioxidants and vacuum packaging. J. 
Food Science Technology, Vol. 35 No. 3- 209-215. 
Samejima, K., Ishioroshi,M. and Yasui,T. 1981. Relative roles of the 
head and tail portions of the molecule in heat-induced gelation 
of myosin, J. food Sci. 46: 1412-1418. 
212 
Samejima, K., Hashimoto,Y., Yasui,T. and Fiikazawa,T. 1969. Heat 
gelling properties of myosin, actin, actomyosin and myosin-
subimits in a saline model system. J. food Sci. 34, 242-245. 
Samejima, K., M. Ishioroshi, and T. Yasui. 1982. Heat induced gelling 
properties of actomyosin: Effect of tropomyosin and troponin. 
Agric. Bilogical Chem. 46(2): 535-540. 
Saoji,S.S. ,Shankar,A.T.,Bhiligaonkar, K. N. and Karbare, U.D. 1990. 
Preservative effect of acetic acid and Lactic acids on buffalo 
meat stored at refrigeration temperature. J. Bombay Vet. 
College. 2(1): 37-41. 
Sato, K. and Hegarty, J. 1971. Warmed of over flavour in cooked 
meat., J. Food Sci. 36: 1098-1102. 
Scanlan, C. M. 1997. Role of metabolic products produced by 
competitive exclusion cultures for the control of salmonella in 
domestic poultry. Pages 435-436. In : Mechanisms in the 
Pathogenesis of Enteric Diseases . Edited by Prem S. Paul, 
David H. Francis. And Daivd A. Benefield. Published by 
Plenum Press, New York. 
Schmidt, J. G. and Parrish, F.C. (Jr.). 1971. Molecular properties of 
post mortem muscle and effect of internal temperature and 
carcass maturity on structure of bovine longissimus. J. Food 
Science 36:110. 
Schutt, C.E. and Lindberg,U. 1993. A new perspective on muscle 
contraction, FEBS Lett. 325: 59-62. 
Schwartz, W.C. andMandigo, R.W., 1976. J. Food-Science, 41, 1226. 
213 
Schwartzberg, H. G. 1976. Effective heat capacities for the freezing 
and thawing of foods. Journal of Food Sc. 41: 153. 
Sen, A.R. and Karim, S.A.2000. Restructured meat products: 
Processing and quality. J. Indian Food Industry, Vol. 19(6). 
Shared, P. R., JoIIey, P. D., Hall, L. D. and Newman, P.B. 1989. 
Technical note: The effect of temperature and raw material on 
the size distribution of meat particles pre-broken by grinding. 
International J. of Food Sc. & Technology 24: 421-427. 
Shivas, S.D., Kropf, D.H., Hund, M.C., Kastner, C.L., Kendall, J.L.A. 
and Dayton, A.D. 1984. Effects of ascorbic acid on display life 
of ground beef Journal of Food Protection 47, 1-15. ^ 
Shults, G.W., Russel, D.R. and Wierbicki, E., 1972, J. Food Science, 
37, 860. 
Simon, S., EIHs, D.E. , MacDonald, B. D. Miller, , D. G. , Waldman, 
R. C. and Westberg, D. O. 1973. Influence of nitrite and nitrate 
curing ingredients on quality of packaged frankfurters. J. Food 
Si. 3 (8): 919. 
Singh, R. P. and Wang, C. V. 1977. Quality of frozen foods- a review. 
Journal of Food Process Engineering 1:97-127. 
Sison, E.G., Olagner, I.L., Baldonado, E.M., Mata, H.L., De Gonzales, 
R.R., Pimental, L.A. and Beza, C.G. 1980. Microbiological and 
sensory of quality changes in fresh meat. Ill Cara beef stored at 
four temperatures. Philippine Agriculturist 63, 50-60. 
Smith, D. M. 1988. Meat protein: Functional properties in comminuted 
meat products. Food Technol. 23/(4): 116-120. 
214 
Smith, L.A. Simmons, S.L., Mc Keith, F.K. Bechtel, P.J. and Brady, 
P.L. 1984. Effects of Sodium tripolyphosphate on physical and 
sensory properties of beef and pork roasts. J. Food Sci. 49(6): 
1636-1641. 
Smulders, F.J.M. 1995. Modem processing techniques to improve meat 
quality trpnds in Modern Meat Technology, (Ed. Krol, B., Van 
Roon, P.S. and Houben, J.H.) pp 40-45- Pudoc. Netherland. 
Smulders, F.J.M., Barandsen, P.,VanLogstestijn, J.G., Mossel, D.A.A. 
and Vander, Marel. 1986. Lactic acid; Consideration in favour of 
its acceptance as a meat decontaminant. J. Food Technology 2: 
419-436. 
Sofos, J.N. 1986. Food Technology, 40(9), 52 
Stampfer, M.J., Hennekens, C.H., Manson, J.E.,. Colditz Ga Rosner, 
B.,and Willet, W.C. 1993. Vitamin E consumption and the risk 
of coronary disease in women . N Eng J Med 328: 1444-1449. 
Stanley, D.W., Mc Knight, L.M., Hines, W.G.S., Ubsome, W.R. and 
Deman, J.M. 1972. Predicting meat tenderness from muscle 
tensile properties J. Textural studies. 3:51. 
Steinhaver, J.E. 1983. Food Phosphates for use in the meat, poultry and 
sea food industry, Dairy and Food Sanitation, 3(7) : 244-247. 
Stewart, G. F and Amerine, M. A. 1973. Introduction to food science 
and Technology, Academic Press, New York. 
Stewart, M.R., Hutchins, B.K., Zipser, M.W. and Watts, B.M. 1965. 
Enzymatic reduction of metmyoglobin by ground beef. J Food 
Sci 30(3): 487-469. 
215 
Stiles, M. E. 1991. Modified atmosphere packaging of meat, poultry 
and their products. Modified Atmosphere Packaging of Food. 
Ellis Harwood Ltd, Chichester, England , Chap-5. 
Surve,A.N.,Sherikar,A.T.,Bhilegaonkar,K.N. and Karkare,V.D. 1991. 
Preservative effect of combination of acetic acid with lactic or 
propionic acid on buffalo meat stored at refrigeration 
temperature. Meat Science , 29, 309-322. 
Surve,A.N.,Sherikar,A.T.,Bhilegaonkar,K.N.and Karkare,U.D.1990. 
Preservative effect of combinations of acetic meat stored at 
refrigeration temperature. Meat Sci. 29:309-322. 
Swift, C.E. and Ellis, R. 1957. Action of Phosphates in sausage 
products J. Food Tech. 11, 450. 
Swift, C.E., Lockett, C. and Fryar, A.J. 1961. Food Technology 15, 
468. 
Tabilo, G, Flores, M., Fiszman, S. M. and Toldra F. 1999. Postmortem 
meat quality and sex affect textural properties and protein break 
down of dry cured ham. Meat science, 51, 255-260. 
Takahashi, K5 1990. Food Packaging, Academic Press, San Diego, 
C.A. 
Tappel, A.L. 1962. In ; Schultz, H.W., Day,E.A., Sinnhuber, R.O. 
(eds.). Symposium on Foods: Lipids and Their Oxidation. AVI 
Publishing CO., Westport, CT. 
Tappel,A.L.,Brown,W.D., Zalkin,H. and Maier,U.P. 1961. Unsaturated 
lipid peroxidation catalyzed by hemitine compounds and its 
inhibition by Vitamin E. J Am. Oil Chem. Soc. 38: 5-9. 
216 
Taylor, A. A. 1985. Packaging of fresh meat. Development of meat 
Science -3 . Elsevier Applied science Publishers Ltd. , Essex, 
England, Chap-4. 
Terrell, R.N., Lewis, R.W., Cassens, R.G. and Bray, R.W. 1967. Fatty 
acid compositions of bovine sub cutaneous fat depots 
determined by gas-liquid cliromatography. J. Food science, 32, 
516. 
Tims, M.J. and Watts, B.M. 1958. Protection of cooked meats with 
phosphates. Food Technology, 12, 240-243. 
Toldra, F, Rico, E, Flores, J., 1993. Cathepsin E. D, H and L activities 
in the processing of dry-cured ham. J. Sci. Food Agric. 63,157-
161. 
Toldra, F., Flores, M., Sanz, Y., 1998. Dry-cured ham flavour; 
enzymatic generation and process influence. Food Chem. 
59,523-530. 
Toldra, F.,and Flores, M., 1998. The role of muscle proteases and 
lipases in flavor development during the processing of dry-cured 
ham. C.R.C. Food Sci. and Nutrition, 38,331-352. 
Trout, G.R. and Schmidt, G.R. 1984. Effects of phosphate type and 
concentration, Salt level and method of preparation on binding 
in restructured beef rolls. J. Food Science, 49(3): 687-694. 
Trout, G.R. and Schmidt, G.R. 1984. Utilizations of phosphates in 
meat products. Proceeding 36"^  Annual Reciprocal Meat 
Conference, Fargo 36: 24-27. 
217 
Tsucliiya,P., Nonomura,Y. and MatsumotoJ.J. 1975. Prevention of 
freeze denaturation of carp actomyosin by sodium glutamate. J. 
Biochem, 77; 853-862. 
Tu, C, Powrie, W.D. and Fennema, O. 1967. Free and esterified 
cholesterol. Content of animal muscles and meat products, J. 
Food Science 32, 30. 
Ubertalle A.and Faccini, G. 1971. Nitrates and ascorbic acid in raw 
sausages: Organoleptic changes during ripening. Atti-della-
Societa-italiana-delle-Scienze-Veterinarie 25: 389-392. 
Urbain, W.M. 1978. Meat preservation. In: The science of meat and 
meat products, J.E. Price and B.S. Schweigest, eds, pages 402-
451. Food & Nutrition Press,^eat port, C.T. 
Uri, N. 1961. Physico-chemical aspects of autooxidation. In: Lundberg 
WO (ed.) Autooxidation and Antioxidants. John Wiley and 
Sons, New York, Vol. I pp 55-106. 
Vollmer, E.K. and Metton, C.C. 1981. Selected quality factor and 
sensory attributed of cured hams as influenced by different 
phosphate blends. J. Food Science, 46: 317-320. 
Waites, W. M. 1988. Meat Microbilogy : a reassessment 
.Developments in Meat Science. Elsevier Applied science 
Publishers Ltd. Essex, England Chap. 7. 
Walters, C. L. 1975. Meat colour: the importance of heme chemistry. 
Meat, AVI Publishing Co. Westport, Connecticut, p-385. 
Ward, D. R. and Baj,J. J. 1988. Factors affecting the microbiological 
quality of sea foods J. Food Technology, 42(3) 85-89. 
218 
Wardlaw, G.M. and Insel,. P.M. 1990. Perspectives in nutrition. Times 
mirror/ mosby College Publishing St. Louis, MO. 
Watts, B.M. 1962 Oxidative rancidity and discolouration in meat. 
Advances in Food Research Academic Press, Inc. New York pp 
1-52. 
Walts, B.M. and Merrill, A.L. 1963. Composition of foods- raw, 
processed, and prepared. U.S. Dept. Agri. Handbook, 8 U.S. 
Govt. Printing office, Washington, D.C. 
Watts, B.M., 1954, Chemical changes associated with Aging of meat 
with emphasis on proteins. Advances in Food Research, 9. 
Watts, B.M., Kendrick ,J., Zipser, M.W., Hutchins, B.K.and Saleh, B, 
1966. Enzymatic reducing pathways in meat . J. Food Sci 31: 
855-859. 
Webstar, S. N. and Cooke, R. S. 1984. Novel preservation methods in 
fresh British sausage. J. Science & Food Agric, 35(8): 947. 
Wilding, P., Hedges,N. and Li]liford,P.J. 1986. Salt-induced swelling 
of meat: The effect storage time, pH, ion-type and concentration. 
Meat Sci. 18:55-75. 
Wilson, G.D. 1961. A summary of the Technical aspects of smoking 
meats: American Mea 
2J9 
Woolford, G. and Cassens, R. G. 1977. The fate of sodium nitrite in 
bacon. J. Food Sci. 42: 586. 
Woolthms, C.H.J., and Smulders\F.J.M. 1985. Microbial 
decontamination of calf carcasses bf/ lactic acid sprays. J. Food 
Prot. 48(10):832-837. 
Yin, M.C., Faustman, C., Riesen, J.W. and Williams, S.N. 1993. a-
tocopherol and ascorbate delay oxymyoglobin and phospholipid 
oxidation in vitro. J. Food Sci 58(6): 1273-1276, 1281. 
Young, L.L., Lyon, C.E., Searcy, G.K. and Wilson, R.L. 1987. 
Influence of sodium tripolyphosphate and sodium chloride on 
moisture retention and textural characteristics of chicken breast 
meat patties. Journal of Food Science 52, 571-579.0 
Yudkin, J. 1975. In 'Meat', ed. by Cole, D.J.A. and Lawrie, R.A. AVI 
Publishing Co. Inc. 
Zaemora, M.C. and Zaritzky, N.E. 1987. Antimicrobial activity of 
undissociated sorbic acid in vacuum packaged beef Journal of 
Food Science. 52 (6): 1449-1454. 
Zapsalis, C. and Beck, R.A. 1985. Food Chemistry and Nutritional 
Biochemistry, John Wiley and Sons, N.Y. 
Ziauddin, K.S. Mahendrakar, N.S. , Rao. D.N. and Amla, B.L. 1993. 
Effect of freezing, thawing and frozen storage on physico-
chemical and sensory characteristics of Buffalo meat. J. Meat 
Science, 35, 331-340. 
220 
Ziauddin, K.S., Mahendrakar, N.S. Rao, D.N. Ramesh, B.S. and Amla, 
B.L. 1994. Observations on some chemical and Physical 
characteristics of Buffalo meat. J. Meat Science, 37, 103-113. 
Ziauddin, K.S., Rao, D.N. and Amla, B.L. 1995. Effect of lactic acid 
ginger extract and sodium chloride on quahty and shelf life of 
refrigerated buffalo meat, J of Food Science & Technology, Vol. 
32, No. 2 126-128. 
Ziauddin, K.S., Rao,D.N., Ramesh, B.S. and Amla, B. L. 1992. Effect 
of ginger extracts on Shelf-life and physico-chemical 
characteristics of meat stored at ambient temperature, Mysore J. 
of Agricultural Science, 26, 313-323. 
Ziauddin,K.S., and Narsimha Rao, D. 1992. Some observations on 
freezing and Thawing of Buffalo meat. Cheiron, 21:3. 81-87. 
Zuckermano, H. and Mannheim, C. H. 2001. Colour improvement of 
Kosher beef using sodium ascorbate and erythorbate. J. of 
Muscle Foods. Vol-12 no. -2. 
221 
